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DEVELOPMENT PROBLEMS IN THE FIELD OF 
MEASURING TECHNIQUES, 1959-65 


A grand program for building the Communist Society on a wide front is revealed in the draft of the address 
"Plan Figures for the Development of the National Economy of the USSR in 1959-65" to be presented by comrade 
N. S. Krushchev to the 21st Congress of the Communist Party of the Soviet Union. 


The draft of comrade N, S. Krushchev's address which has been approved by the Plenary Session of the 
Central Committee of the Communist Party of the Soviet Union is an historic document of immense importance 
which sums up the glorious development of socialism in the USSR to date and shows the new perspectives in the 


progress of the Soviet Union along the road to Communist construction, and the creation of the economic and 
technical basis for Communism. ; 


"The Soviet people, united round its Communist Party” says the address, “reached great heights and car- 
ried out magnificent transformations which now enable our country to enter the new and most important period 
of its development, the period of building the Communist society on a wide front. The main objectives of this 
period are the tasks involved in the creation of a solid economic and technical basis for Communism, the further 
strengthening of the economic and defensive strength of our Homeland and at the same time the satisfying of the 
ever-increasing material and spiritual needs of the Soviet people. This will be a decisive stage in the competi- 
tion with the Capitalist World in which the historic task, the overtaking and surpassing of the most advanced 
capitalist countries in production per head of population, must be fulfilled. The Communist Party and the whole 
Soviet people are firmly convinced that this task will be successfully completed.” 


The wide discussion of theses extending over the entire nation presented in this address shows that the Soviet 
people have accepted the Seven-Year Plan of development of the national economy of the USSR as a task concern- 
ing everybody. In submitting their suggestions the working people express their firm conviction that this great 
plan will be fulfilled and that the historic objectives it sets will be achieved. 


The program pays particular attention to the problems of technical progress. 


"The Seven-Year period lying ahead,” says the address, — “will be marked by technical progress in all 
branches of the national economy. This is ensured, above all, by the development in this country of the mechani- 
cal engineering industry and in particular of the construction of machine tools, the instrument industry, electronics, 
electrical engineering; of the construction of new and more up-to-date equipment for the metallurgical, chemical, 
petroleum and gas industries; the development of the production of polymers, the further expansion of the appli- 
cation of atomic energy for peaceful purposes, etc.” 


The design and construction of measuring instruments represents an indispensable element of technical 
progress; further technical progress in the national economy therefore dictates a considerable rise in the develop- 
ment level of measuring techniques and the expansion of metrological work. 


The plan of development for the national economy of the USSR for 1959-65 which is given in the address 
of comrade N. S. Krushchev, demands from our metrological science and engineering the solution of new great 
problems. It is known that the uniformity, correctness and correct employment of measures and measuring 
devices is a matter of great importance for the national economy, since the use of incorrect measures and 
measuring devices causes unproductive losses, leads to an increase in production rejects, and to an incorrect 
assessment of material values; it also fails to ensure the interchangeability of components and sub-assemblies of 
mechanisms, and gives rise to a number of other difficulties and losses in the national economy. 








The ever increasing development of automatic lines, departments, and complete plants presents new serious 
demands to both the metrology and the instrument industry. Therefore the massive development of the national 
economy provided for in the plan must be accompanied by corresponding progress in the field of measuring tech- 
niques. 


It is planned to produce 2,5-2.6 times more control equipment in 1965 than in 1958. The increase in the 
output of measuring equipment should not be smaller. The production capacity of the instrument indus try will 
be considerably increased by the construction of new plants and the reconstruction of existing plants. 


It is intended to increase considerably the nomenclature of devices for measuring quantities involved in 
heat and power production, devices for determining the properties and compositions of substances, devices for 
electronic and radio-technical measurements, dosing equipment. etc. The provision of the necessary basis for 
the increase in the amount of measuring equipment used in industry is the task of the scientific research institu- 
tions, design bureaus, and the entire instrument-making industry. 


The scientific work of the metrological institutes grows from year to year. In 1958 prototypes of new 
measuring devices, plants and methods were developed. 


The schedule of the scientific research institutions of the Commission of Standards, Measures and Measuring 
Devices for 1959-65 includes 101 large scientific research problems. As a result of their solution the national 
economy will receive several hundreds of measures, measuring devices, plants and methods. 


A considerable amount of development work is planned in the field of thermal, optical, radio-electrical, 
magnetic and acoustic measurements, and also in the fields of measuring super-high pressures and ionizing 
radiation (electron, x-ray, g- and y-radiation), Standard and master instruments will be developed with the 
object of expanding the range and increasing the accuracy of measurements in these fields and also in the fields 
of force, angular velocity, acceleration and measurements of short periods of time. 


The lagging-behind of metrological science and engineering in the fields of gas analyses, the measurement 
of large discharges of liquids and gases, and temperatures close to absolute zero, and also in the development of 
theoretical problems of metrology must be overcome. 


In the Seven-Year Plan of the scientific research work in the field of metrology it is intended to devote 
much attention to the problems of the automation of measurement and control of finished components and articles, 
and their automatic inspection during the manufacturing process. 


In order to provide the basis for the development of automation it is also necessary to carry out the standard- 
ization of types, parameter ranges, dimensions of connections, technical requirements, and the methods of testing 
of the principal means of automatic control and regulation. 


The automation of measuring processes is one of the most effective means of increasing the productivity of 
labor in inspection work. However, until now the automation of processes in the inspection of measures and 
devices has been extremely slow. For the Seven-Year period ahead of us a considerable amount of work has been 
scheduled in this direction: methods of automatically recording the indications of precision balances must be 
developed, and the automation of some linear, heat, and electrical measurements carried out, etc. 


One of the most important conditions for the development of the engineering industry is the design and 
construction of machines and devices based on the utilization of the latest achievements and discoveries of science 
and technology and especially of electronics, super-conductivity, ultrasonics, radioactive isotopes, semiconductors, 
nuclear energy, etc. This leads to the need for utilizing the latest achievements of science and technology in the 
development of measuring techniques and the construction of the most up-to-date measuring devices and plants. 
Much work will be carried out in this direction in the next few years: the development of new standards for 
magnetic units, by using the phenomena occurring inside the atom, by using semiconductors for temperature 
measurements, and by using radioactive radiation for linear and temperature measurements, etc. The develop- 
ment of work of this type is one of the most important problems in improving measuring techniques. 


Problems of the utmost importance must be solved in the standardization of measuring methods. They 
include above all the standardization of electronic measuring devices, devices for measuring ionizing radiation, 
equipment for spectral, photometrical, and colorimetric analyses. The standardization of equipment for linear, 
mechanical, heat and electrical measurements must be continued. 
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The rapid development of the instrument industry and the greatly increasing production of new measuring- 
control devices place upon the metrological scientific research institutes, and the state test laboratories dealing 
with this subject, the very important task of organizing official attesting and inspection of measures and measur- 
ing devices. It must be ensured that the equipment madeis of high quality and has the required precision and 
measuring ranges,and stability and reliability in operation. 


In view of the fact that for 1959-65 a considerable increase is scheduled in the total number of measures and 
devices in daily use, and an improvement in its average quality due to the adoption of more up-to-date and 
complicated measuring devices, the local branches of the Commission and the departmental inspection organi- 
zations are faced with great problems involved in the maintenance of measuring equipment used for the national 
economy and in an improved management of this equipment. 


It is the task of the local branches of the Commission to ensure that the increased demands of enterprises 
and organizations concerning the inspection of measures and devices are met; they must give the necessary help 
in all questions concerning measuring equipment and become real centers of the organization, providing techni- 
cal advice on everything concerned with measurements. In this connection it is necessary to develop work in the 
new fields of measurement (acoustical, dosing, light, etc) and widen the range and improve the precision of 
measurements in the regions in which many laboratories already work. 


The reorganization of the control of industry,carried out in accordance with the decisions of the Communist 
Party and the Soviet Government, has created exceptionally favorable conditions for improving the quality of the 
measuring equipment used in industry, for the development of the work of official institutions entrusted with the 
supervision of measures and devices, and for the organization of up-to-date facilities for the repair of instruments. 
The departmental inspection offices must solve better the problems connected with the introduction of the new 
measuring equipment, provided for the continuous correctness of measures and devices used in their inspection, and 
improve the handling and increase the service life of measuring devices. 


N. S. Krushchev's address stresses that the development of the Eastern region of the country must be speeded 
up. The new distribution of the productive forces of the country dictates the need for a corresponding location of 
metrological centers. At present the principal metrological centers, the Institutes, are concentrated in the 
European part of the USSR. In 1959 a new center for standard measures will be opened in Novosibirsk, and in 1960 
a new block will be taken into use at the Sverdlovsk branch of the All-Union Scientific Research Institute of Metro- 
logy. This will considerably improve the metrological facilities of the economy of the Eastern regions. However, 


in order to improve this service still further, several central laboratories must be established in Central Asia and 
in the Far East. 


The energy, initiative, knowledge, and effort of workers in the inspection establishments and metrological 
institutes must be aimed at an unconditional fulfillment of the new tasks, i.e., at the improvement of metrology 
and measuring techniques. 


Under the leadership of the Communist Party and its Central Committee the Soviet people will fulfil the 
historic tasks set by the Seven-Year Plan, and make a decisive step on the road to Communism. 








INTRODUCTION OF NEW MEASURING METHODS IN THE 
PLANTS OF THE DONETS REGION 


E. F. Garazh 


The staff of the Stalino State Inspection Laboratory considers one of its principal tasks in the field of 
measuring techniques to be the assistance of industrial plants in the rapid mechanization and automation of 
production processes. 


The staff of the Laboratory who regularly work at the plants, often introduce new measuring methods in 
combination with the mechanization and automation of individual production processes. 


For example, the chief engineers of the State Inspection Laboratory G. F. Ogorodnikov, Ya. I. Kazovskii, 
F, N. Gruzan, and others, found, during an examination and checking of the operation of the measuring equip- 
ment and the equipment for the automatic regulation of thermal processes in the furnaces of the open-hearth 
furnace shop at the Kirov Makeevka Metallurgical Plant, that the use of ERS-67 and ERK-77 intermittent-action 
electron regulating units is impracticable, and that they are in many respects inferior to the hydraulic jet regu- 
lating devices. The use of these electronic reguiating devices produces unsatisfactory results because their 
moving parts fail to ensure the required stability of operation. In the case of a high frequency of switching 
operations the contacts become rapidly burned by sparks, and cause the failure of the entire device. Owing to the 
bad quality of bearings the SD-960 synchronous motors often fail. The MDE diaphragm membrane-type discharge 
meters which measure the oxygen do not meet the demands of modern production and require frequent repairs. 


The Stalino State Inspection Laboratory made the necessary suggestions and gave assistance on the instal- 
lation of more up-to-date measuring equipment: the hydraulic jet regulating units, meters for the coal and blast 
furnace gas and air radiation pyrometers, etc. As a result, the automatic regulation and control of furnaces 
improved, the fuel consumption decreased, the operation of furnaces became more stable, their output increased, 
and the work of the personnel became easier. 


Despite the considerable improvement of the thermal processes of open-hearth furnaces it must be admitted 
that the plants are still short of measuring-control and regulating equipment. In particular, devices must be 
designed and constructed which control the supply of fuel in accordance with the temperature of the roof and 
hearth, and which regulate the supply of air according to the oxygen and carbon dioxide content of the flue gases. 


At present the principal problem is the development of a system of automatic indication and control of the 
thermal process taking place in open-hearth furnaces, which would completely release the personnel from manual 
control operations. 


The chief engineers G. F. Ogorodnikov, F. I. Sheinfain, L. A. Sipyagin and others, who inspected the auto- 
matic sections in the manufacture of sulfuric acid by the contact process at the Konstantinovsk chemical plant, 
found that the existing equipment for measuring, and complete automation, failed to provide an accurate control 
of the manufacturing process, and is used only for the measuring and automatic regulation of production para- 
meters. There is a shortage of equipment and many of the devices installed do not meet the required accuracy. 
For example, all types of recording and indicating millivoltmeters installed at the plant are of the 1.5-class, 
whereas the process must be controlled by 0.5-class equipment. The 0.5 class potentiometers also fail to meet 
requirements since an accuracy of +0.25%is needed. The differential flow meters fail to ensure the required 
reliability and stability of operation, and their accuracy is inadequate for the manufacturing process since their 


























accuracy is of the 2.5 and 1.5 class, while a precision of the 1.0 and 0.5 class respectively is needed. TKh-13 
and TKhK-13 thermocouples and resistance thermometers do not meet the demands of the process because their 
thermal! inertia is excessively high, which leads to an excessive time-lag between the measurement and auto- 
matic regulation, which in turn causes jumps in the characteristics of the manufacturing cycle. 


All this reduces the productivity of labor and has a deteriorating effect upon the quality of production. 


The Stalino State Inspection Laboratory worked out suggestions providing for the replacement of obsolete 
equipment by more modern designs, and for the installation at the KIP department of additional control devices 
such as PPT V~-1 potentiometers, MVL~-47 de bridges, MSR-47 and KMS-6 resistor sets, oscillographs, electronic 


voltmeters, a UPO-3 unit for checking optical pyrometers, a URP-4 unit for checking radiation pyrometers, etc.; 
the suggestions were accepted by the plant management. 


The Laboratory staff are not satisfied with the installation of the measuring equipment now made by our 
industry. After studying the manufacturing processes at the plant itself, the engineers of the Laboratory put for- 
ward suggestions concerning the equipment of production departments with measuring devices which must first be 
developed and produced by the industry. For example, in order to improve and make automatic a production 
process so as to attain a higher degree of production control, to improve the quality of production, to increase 
the productivity of labor, and to reduce the cost of the sulfuric acid, the installation of a number of new measur- 
ing and control devices was suggested, including a device for measuring the amount of solid particles suspended 
in the gas which is carried out from the pyrite furnaces, a device for measuring the amount of liquid particles 
suspended in the sulfuric gas which is carried out after washing, a device for measuring the amount of liquid con- 
centrated acids, a flow meter for measuring the amount of sulfuric gas at low pressure differences etc. 


The Laboratory staff consider that it is not satisfactory that the measuring devices which are normally used 
in automatic lines are checked in laboratory conditions divorced from the other equipment of the automatic line; 
it is desirable that the Commission on Standards, Measures and Measuring devices takes steps to work out the 
relevant instructions, and adopts a new procedure in which the inspection of measuring devices used in automatic 
lines is carried out in conjunction with the automatic control equipment of automatic sections. 


In connection with the supply to the plant of the new measuring equipment the Stalino State Inspection 
Laboratory provides everyday practical assistance and advice to the plants of the Donets Basin on problems involved 
when introducing the latest measuring devices into the production processes. 


As a result of introducing new production processes involving the use of automatic equipment and measuring 
devices, a considerable economic effect was achieved at a number of large plants. For example, in 1957 the 
Toretsk engineering plant saved 5,600,000 rubles, the Fifteenth-Anniversary-of-VLKSM plant saved 5,380,000 
rubles, and the Gorlovsk Kirov plant saved 9,675,000 rubles. 


At the plants of the light and food industries of the Stalino Council of National Economy, 141 production 
sections were mechanized, 19 conveyor and flow lines installed, 30 varying types of measuring devices intro- 
duced and 31 automatic machines installed, and put into production. As a result, 200 operators were released for 
other work and 5,000,000 rubles saved. 


Members of the Stalino State Inspection Laboratory submitted a number of suggestions and achieved the 
introduction of a number of improvements in measuring methods. For example, a number of plants made and 
took into use a device for checking slide gages. The Zhdanov I1'ich plant as well as other plants accepted the 
suggestion of the State Inspection Laboratory and introduced devices for determining the measuring pressure of 
micrometers and lever-type measuring devices, devices for checking the micrometer screws of large micro- 
meters, devices for checking the parallelism of the working surfaces of micrometers and external lever gages, 
devices for checking micrometers of over 100 mm etc. 


According to the suggestion of the State Inspection Laboratory the plants replace obsolete measuring devices 
by more modern types. At the Makeevka metallurgical plant the I-type counters were replaced by SAZU-TCh 
electric counters, at the Rutchenkovsk, Gorlovsk, and other coke and chemical plants the SG-3 and SG-6 record- 
ing pyrometrical millivoltmeters, Sp mechanical potentiometers, and AUM mechanical bridges were replaced 
by electronic bridges and potentiometers. At the Budennyi building combinate of the “Stalinshakhtstroi™ trust 


a press for testing concrete cubes was replaced because of its unsatisfactory design by the PG-100 hydraulic press 
etc. 





The main shortcoming in the work of the Stalino State Inspection Laboratory on the introduction of new 
measuring equipment was the spasmodic manner in which this work was carried out; there was no long-term 
plan for the introduction of equipment in specific plants, and the characteristic features of the production 
processes at individual plants were studied with inadequate thoroughness. But now, in cooperation with the 
Stalino Council of National Economy the way has been shown for the mechanization of production processes, 
and a plan developed for the introduction of new equipment in conjunction with the new measuring techniques, 
for the period 1958-60. 


In compiling these plans the members of the Laboratory were sent to plants in which the introduction of a 
new production process was scheduled. 


In cooperation with works managers, chief maintenance engineers, chief power engineers, and the members 
of the KIP and automation sections, the members of the State Inspection Laboratory worked out, at the plant 
concerned, specific timed plants for the introduction of the new measuring equipment, in close coordination with 
the mechanization and automation of production processes carried out by the plant itself. 


The plans thus obtained for introducing new equipment were examined at the Laboratory, and coordinated 
and approved by the Stalino Council of National Economy separately for each plant and branch of industry. 

















LINEAR MEASUREMENTS 


UNIVERSAL DEVICE FOR THE INSPECTION OF DIRECT-READING GAGES 


M. A. Adadurova 


The checking of tape measures on horizontal comparators involves practical difficulties: the need to have 


a long working area (up to 25 m) or to carry out the inspection in stages if the length of the tape being measured 
exceeds the size of the comparator. 


The accepted method of checking these measures by comparing them meter by meter with the first-class 
master meter bar gave the idea of designing a comparator with a working length of 1m, A device of this type, 
which is intended for the inspection of direct-reading gages and was designed by engineers of the Latvian State 


Metrological Inspection Laboratory, has a 1-m master base; every meter division of measuring devices of any 
length are compared with it in turn, 


The device (see figure) consists of the base table 1 and the movable table 2. Two reels 3 are mounted on 
the front legs of the base table. Guide rollers 4 for the master gage and the gage being inspected, clamps, and 
a loading device 5 are mounted on the plate of the movable table. The sliding bar carrying the 1-m long master 
measuring tape can be moved, in a groove cut in the table, by means of a micrometer device 6. 


In checking a tape measure its free front end is connected to the lead tape of the right-hand reel, passed 
over the guide rollers and, together with its case, placed onto the left-hand reel. Thus placed, the divisions of 
the tape being inspected are opposite the divisions edge of the master tape. 


The error of each meter is determined after placing the first graduation of the tape being inspected against 
the corresponding mark of the master tape, by reading the error on the other end. 


The tape is moved by rotating the reels, while the fine adjustment is effected by rotating the micrometer 
barrel. 


For taking the readings the meter being inspected is fixed in position by means of clamps. Thereupon the 
load on the tape is removed, the clamps released and the tape wound on for checking the next interval. The 
design provides for a rapid and speedy application and release of load onto and from the tape being inspected. 








\ 1650 — The floor space required for the installation and 
: operation of the device is 1.5 x 2m. The device can 
be used for the inspection of all types of measuring tape. 








. 
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._ The prototype of the device was made by the 
"Etalon” plant of the Latvian Council of National 
Economy, and installed at the Latvian State Metrology 
Laboratory. In two months about 1000 measuring tapes 
were tested with this device. 





Weight 


The instrument passed the VNIIK tests with good results. Comparisons of results of measurements carried 
out by both the earlier and the new method, which were made at the Latvian State Metrology Laboratory, at the 
VNIIK, and the All-Union Scientific Research Institute of Metrology, demonstrated the equal value of both 
methods as far as measuring accuracy is concerned. 








THE CHECKING OF IZM-11 MEASURING MACHINES 


G. N. Churikov 


Many laboratories use IZM-10, IZM-11, and Zeiss measuring machines as the principal means for measuring 
large dimensions. These machines are very sensitive to all types of physical influences and especially to the 
variations of the temperature of the surrounding medium, which is often ignored in practice. The Commission of 
Standards, Measures and Measuring Devices specifies in its Instruction 105-55 the permissible difference between 
the air temperature and the temperature of the measuring machine as 0.3°C (Table 3), but in practice this require- 
ment is, as a rule, not complied with, and in Instruction 105-55 itself, Table 5 gives as an example measuring 
results which, contrary to this requirement, show a difference between the temperatures of the air and the machine 
of 0.7°C, However, the error of a measuring machine depends not only on the adherence to the temperature and 
physical conditions specified, but also on the precision of the machine scales. 


The method of inspection of the decimeter scales of machines is specified in Instruction 105-55. We 
recommend an improved method for testing decimeter scales, which is more efficient, and contributes to improving 
the accuracy of inspection. This method is based on the use of the measuring head in combination with simple 
optical devices (compensators). The method has the following advantages: 


1) it obviates the use of additional heads, which considerably simplifies the work of government inspectors 
visiting factories; 


2) the need for making blocks and other auxiliary equipment is avoided; 


_ 8) the inspection range of decimeter scales increases without increasing the size of the master gages, i.e., 
with 1-m master gages a machine scale of up to 2 m in length can be inspected; with a 0.5 mm gage a machine 
scale of up to 1 m can be checked; 


4) the range of master gages used in checking the machines is increased; 


5) if the measuring head is used as the main and independent reference base, the process of checking 
the machines is more efficient and stable, which facilitates the reduction of the absolute values of the accumu- 
lated errors; 


6) the original position of the tailstock is accurately and easily checked, and the results of checking each 
section of the scale are easily expressed. 


The essence of the method is as follows: the machines with the upper measuring limit exceeding 1 m are 
checked in the range below 1 m in the usual way. Additional components (compensators) are then introduced 
into the optical system of the machine; they are plano-parallel glass plates of circular or rectangular shape 
(Fig. 1). The compensators are placed above and below the fifth division of the decimeter scale. A 6 mm thick 
circular compensator is mounted in a sleeve-shaped holder (Fig. 2) and placed onto the glass surface of the scale. 


Thereupon the following operations are performed: 


1) four screws securing the base of the mechanism to the machine slideways for coarse and fine adjust- 
ment of the measuring head are unscrewed; 


2) the tailstock is set to the tenth division of the decimal scale and the measuring head moved, without 
removing it from the above base, along the slideway to the fifth division of the scale, until a double line can be 
seen in the field of view of the microscope. Before that the optimeter tube must be moved axially outside in its 
bracket. In order to obtain a clear double line the height of the compensator must be gradually increased, by 
placing thinner plates on the top of the original plate. The less clear is the original image of the double line, the 
thicker must be the compensator. The rectangular compensator is mounted in the holder (Fig. 3) and fixed by 
means of plasticine to the lower surface of the outstanding part of the machine bed which carries the decimeter 
scale (the plasticine should be applied in small quantities to the corners of the holder); 


3) when a sharp image of the double lines is obtained the coarse and fine-adjustment mechanism of the 
measuring head is locked by special clamps (Fig. 4); 
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4) one of the lines of the tenth double line is moved by means of the fine adjustment into the field of the 
fifth double line (Fig. 5) or placed over it; 


5) the measuring tips are aligned coaxially and the error of the tenth division of the decimeter scale is 
compensated by means of the tube scale. 


The ensuing checking of all subsequent sections of the decimeter scale up to 2 m is carried out as usual. 


For the checking of the original position of the tailstock the object table is tilted to the left as far as possible 
and traversed to the measuring head. 


It is recommended that compensator plates with the following nominal thicknesses (in mm) should be used: 
circular plates: 0.5; 0.7; 0.9; 1; 1.1; 6; 
rectangular plates: 0.5; 0.7; 0.9; 1; 1.1; 1.3 


These plates can be combined to produce compensators of any required thickness. 


For example, the circular plates can produce the following thicknesses: 6.5; 6; 7; 6.9; 7.1; 7.2; 7.4; 7.6; 7.8; 


8;:8.2; 8.4; 8.6; 8.8; 9; 9.2; 9.3; 9.5; 9.7; 


and the rectangular plates: 0.5; 0.7; 0.9; 1.1; 1.3; 1.5; 1.7; 1.9; 2.1; 2.3; 2.5; 2.7; 2.9; 3.1; 3.3; 3.5; 3.7; 
3.9. 


The plates must meet the following requirement: diameter 9.9_) 99 1» thickness allowance 0.02 mm, 


parallelism of surfaces within 0.005 mm, flatness of surfaces within 0.001 mm. 


The method described was introduced by the Inspection laboratory for Linear and Angular Measurements at 
the VNIIK. 


The comparison of the suggested method with the method normally used showed that the results of the 
inspection of machines are in close agreement with the results obtainable with the ordinary method. 





A SMALL PROJECTOR 


V. E. Kostin 


For the inspection of small components not exceeding 3-4 mm in size the Bureau of Interchangeability at 
the Committee of Standards, Measures, and Measuring Devices developed the TsL-215-0 desk projector (Fig. 1). 
A special feature of this projector is its small size for 50* magnification; it can be made for other magnifications 
without changing the size. 


The projector is mounted on an ordinary desk. The micrometer screws for the longitudinal and transverse 
motion of the table, the handle for the operation of the circular table, and the handle for moving the tube are all 
close to the operator, who works in a sitting position. The projector screen is transparent, its size is 200 mm. The 
travel of the measuring table both in the longitudinal and the transverse directions is 10 mm; the divisions of the 
vernier drums are 0.01 mm. 


The schematic diagram of the instrument is shown in Fig. 2. The body 1 acts as the base of the device; the 
measuring table 2 and the holder of the tube 3 as well as the projection unit are installed on it. The illumination 
system is situated inside the body, it consists of a lamp, condenser, prism, an additional lens, and a green light 
filter. The best and most uniform illumination of the screen is obtained by moving and rotating the lamp in the 
sleeve and also by lowering or lifting the additional condenser lens by means of the handle 10. The illumination 
of the screen should be adjusted with the objective focused. The current supply to the lamp is from a step-down 
transformer operated from a 127 or 220 vline. 




















The tube 3 is moved in a vertical direction in the | | ~~ 
dovetail guide-groove. The projection unit with the —_e 
screen is bolted to the body. A mirror is fixed inside the Fig. 2. 


body on a special support. The glass screen is framed, 

and secured in position by means of three clamps. Four spring clamps 6 on the edges of the frame serve for 
fixing on the screen, the tracing paper with the contour of the component being inspected. The objective 
9 is fixed in the lower part of the tube. A ring used for moving the eyepiece in a vertical direction is mounted 
inside the tube. It is moved by means of two screws. The prism is mounted in the upper portion of the tube. 


The measuring table 2 is moved horizontally by means of micrometer screws 4 and 5 operating in two 
mutually perpendicular directions through a distance of 10 mm. The value of the divisions is 0.01 mm. The 
slides carrying the table are mounted on ball-type slideways. The table has also a rotary motion. 
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The tube is moved in the vertical direction by means of the handle 7; the image of the test plece on the 
screen is focused by rotating this handle. The handle 8 serves the same purpose. 


The size of the projector is 265 x 420 x 460 mm; it weights 20 kg. Owing to its compact design the 
device can be used on assembly lines for small devices and mechanisms. 


INSPECTION OF OPTICAL DIVIDING HEADS 


S. P. Ivanov 


The method of determining the total error of optical dividing heads adopted at the Likhachev Automobile 


Works required no precision dividing instruments and is in some ways similar to the operation of heads in the 
workshop. 


As distinct from the instructions for the method now in operation, the method being considered here takes 


into account the effect of misalignment of the centers of the spindle and tailstock of the head, which is one of the 
sources of indication errors. 


This inspection method consists in the com- 
parison of the position of the dividing disk grooves, 
measured at various sections of the dividing head 
scale by means of an optimeter tube with lever 
operation. The tube is mounted on a special stand 
designed for universal measurements on the 
marking-off plate (see figure). 











The dividing disk used for this purpose must 
have equidistant grooves. One of the sides of each 
groove should be radial in direction and machined 
to the tenth class of surface finish. The accuracy 
of positioning the disk grooves has no effect upon 
the accuracy of inspection of the dividing heads; 
the angular position of the grooves must be deter- 
mined with an accuracy of the order of 30". The 
grooves of the disk should be marked with consecutive numbers, and the disk itself should be rigidly connected 
with the mandrel, which has well-fitting centers. The external diameter of the disk should be as large as possible 
for the given height of the dividing head centers. The disk used at our plant has an outside diameter of 242 mm, 
and 32 grooves; the differences in the circular pitch of adjoining grooves is within 0.005 mm. 














In determining the total error the dividing disk is rotated between the centers of the dividing head through 
a calculated or approximately measured angle between its grooves, and the actual deviations read on the scale 
of the optimeter tube. Before the measurements begin, the measuring lever of the tube is set level with the 
horizontal plane passing through the line of centers, when the optimeter scale indicates zero for the working sur- 
face of the No. 1 groove. When the disk is turned, the lever is lifted from the groove and lowered into the next 
groove, without moving the stand of the optimeter tube. The accuracy of such readings was checked by comparing 
the indications of two optimeter tubes (with and without the lever) in conditions similar to those in which the disk 
is inspected. The difference thus obtained of their indications remained within +0.5 yu, which, expressed as an 
angle for the given diameter of the disk, does not exceed 1”. 


It is an accepted practice in the inspection of dividing heads to determine the positions of grooves No. 7, 
12, 18, 24, and 29 with respect to groove No. 1 by changing the position of the bracket by 36° at each subsequent 
determination. 
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As a result, for each groove of the dividing disk turned through the same angle in different parts of the 
dividing head scale, we obtain on the optimeter tube scale a number of deviations, the difference of which 
characterizes the total error of the head, provided that the errors of the reading device are ignored, owing to 
their smallness. 


PRODUCTION OF SUPER-FINE ABRASIVE MATERIALS FOR 
FINISH-LAPPING BLOCK GAGES 


Ya. V. Osnas 


Super-fine abrasive powder with grain size 1.5-2 yu is used for the high-efficiency final lapping of surfaces 
requiring a high-class finish. The production of these abrasives involves 5 operations: 1) grinding of the raw 
material (corundum), 2) washing out impurities contained in the ground abrasive, 3) elutriation, 4) drying and 
heating, and 5) inspection of the super-fine abrasive powder. 


The corundum is ground in a mill consisting of three rollers and grinding drums. 


The grinding drum consists of a metal cylinder 0.2 m diameter and 0.25 m long, which contains steel 
balls 10-35 mm in diameter, with a total weight of 5 kg. After loading into the drum 1 kg of electrocorundum or 
corrax (a synthetic white corundum) and adding the same volume of water, the drum is closed with the lid tight- 
ened by a rubber gasket. 


The drum is then placed onto the rollers. The middle roller is driven by a 0.52 kw, 1420 rpm electric 
motor. The speed of the drum (together with the rollers) is 60 rpm. The operation lasts 30 hours. 


In order to remove any metal particles (chipped off from the drum walls and balls during the grinding 
process) from the mass ius obtained it is mixed with commercial hydrochloric acid. Half a liter of 30% hydro- 


chloric acid is added to each kg of the mass and the mixture periodically stirred for 2 hours with a glass rod. Then, 


after adding 4-5 liters of water, the mixture fs left to settle for 3 hours. 


After twice pouring off the water the jar is again filled with water, the contents stirred and allowed to settle 
for 6-7 hours, whereupon the water is drained off through a siphon and the jar again filled with fresh water. 


The ground electrocorundum is now washed until the acid is completely removed, which is tested by means 
of litmus paper, whereupon the elutriation can begin. 


Taking into account the possibility of particles sticking to one another during the elutriation process, the 
washed corundum is mixed with a water solution of sulfide-pulp extract, and the mixture allowed to settle for 
12 hours. This operation is called the stabilization of corundum suspension. 


After checking the density of the sediment the ground powder is elutriated, which results in its division into 
groups which are denoted in time by the number of minutes taken for the powder to settle after its elutriation in 
water. 


The figure shows the positions of the process vessels and of the special settling vessels which are necessary 
to obtain high-dispersion abrasives. The stabilized mixture is filled into cylindrical glass vessels of 15-20 liters 
capacity with lines marking 2-3 levels (the lowest level being not less than 8 cm from the bottom). The sus- 
pension is diluted with water (7-10 liters of water to 1 kg of electrocorundum); its level is not permitted to rise 
above the upper mark, thus preventing its splashing out during stirring with a wooden or glass rod with a rubber 
plug on the end. 


The stirring is done slowly so as not to interfere with the settling of grains of a certain size. 


The time taken for the thoroughly stirred suspensions to settle depends on the water temperature (9-17°C). 
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Sedimentation of the abrasive powder is a gradual 
process which starts with the smallest grains. 


After the settling time needed to obtain the 
desired grain size the suspension is gradually and carefully 
poured off until the lower mark is reached. The elutria- 
tion, settling, and running-off of water is repeated 15- 
20 times for each grain size (marked in minutes), up 























Siphon to the point when the essential part of the suspension 
Settling ie becomes clear. 
Vessels — 


After the settling of the suspension in settling 
vessels the elutriated sediment is dried in porcelain or 
stainless-steel bowls. ' 





The abrasive power is now ready, and after drying it is heated to 800°C and kept at this temperature for 5-6 
hours, On cooling the super-fine powders are weighed in lots of 30-40 g and packed into paper (parchment) bags. 


One kg of raw material yields 80-150 g M1.7; M2.4; M3.5; M5; and M7 super-fine abrasive powders. The 
quality of the powders gained by this method, and which are intended for obtaining a high-quality surface finish, 
is checked by measuring the size of the abrasive particles by means of a polarizing microscope with 600 x magni- 
fication. The particles are graded by the mean diameter of the smallest of two cross sections, whereupon the per- 
centage of grains of various diameters is calculated with respect to the total area of all grains. 





The installation which is in operation at the "Kalibr” plant produces 5 grades of high-quality super-fine 
abrasive powder. 


Super-fine abrasive powders can also be made without grinding the raw corundum and separating the metal 
particles by washing out. Fine powdered M7 electrocorundum (grain size below 7 1) is loaded into glass jars filled 
with gasoline, and stirred, whereupon the particles in the center of the jar which have not immediately settled on 
the bottom are poured off by means of a siphon or by some other method. After repeating this procedure several 
times an elutriated powder is obtained in the settling vessel, which is then removed and dried in a muffle furnace. 
However, this method of obtaining super-fine abrasive powders has substantial disadvantages. During the pouring- 
off the suspension becomes partially disturbed and the particles from lower levels tend to be sucked into the tube, 
with the result that the abrasive powder becomes contaminated with other, larger particles. A complete separation 
of grains of a particular size is very difficult. The described method of obtaining super-fine abrasive powders 
with a 1.5-2 uw grain size can only be employed when a laboratory especially equipped for this purpose is available. 


ON THE INSPECTION OF SCREW-THREAD PLUG GAGES 


S. A. Butskii 


If a large tool microscope or a universal microscope is not available the inspection of thread angles of 25-75 
mm diameter plug gages can be carried out on a smaller microscope, on one side of the gage only. 


For this purpose, after fixing the gage in the axis of the transverse travel of the microscope table, the taper 
angle is determined on the minor diameter of the thread. If a taper exists, the zero position of the angle scale 
of the eyepiece head is altered by an amount equal to half of the measured taper angle. Thereupon the gage, 
mounted in centers, is set by turning the table in such a manner that the image of the minor cylinder of the 
thread coincides with the longitudinal line on the scale head. This provides for a correct positioning of the gage 
and eliminates the need for measuring it on both sides. 
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ON THE INSPECTION OF INTERNAL DIAL GAGES 


G. L. Ugarov 


The periodical inspection of internal dial gages, and their inspection after a repair, is carried out in 
accordance with Instruction 144-55 of the Commission of Standards, Measures and Measuring Devices. 


The technical requirements specified in Paragraph 8 of the Instruction (on the correct positioning of the 
supporting surfaces of the centering member) are inadequate. Paragraph 8 should be amended by adding to it 
the requirement that the supporting surfaces of the centering member should be placed in such a manner that, 
in measuring the diameter of a ring inclined at 15-20° to the plane perpendicular to the axis of the measuring 
rod and the insertion piece, the indications of the device should not change. Otherwise it is difficult to main- 
tain, when measuring holes, a strict coaxiality of the tube of the device with the axis of the hole being 
measured, 


This requirement is compiled with if the center of the radius of the centering member edge passes through 
the axis of the measuring rods. It becomes distorted in worn devices. 


The instruments made by the Chelyabinsk Instrument Factory and the “Into” works of the "Keil'part” 
company guarantee the compliance with this requirement, but the "Kalibr” plant fails to give this guarantee. 
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MECHANICAL MEASUREMENTS 


PRESSURE GAGE WITH AN ANEROID-ELECTRICAL 
MEASURING ELEMENT 


M. B. Maizel’ 


The paper described a newly developed and tested device for measuring the absolute pressure, which 


incorporates an aneroid case with strain gage wire grids as the sensitive elements and automatically records the 
indications as numbers on a paper tape. 


The schematic diagram of the sensitive element is given in Fig. 1. The hermetically sealed body 1 is con- 
nected with the pressure~-sensitive element through the connection 5. One or several aneroid cases 2 are placed 
inside the body, they have a linear pressure characteristic and are fitted with the elastic element 3 made of 


steel and carrying strain gage wire grids 4 on both sides; the wire grids are made of 0.03 mm diameter constantan 
wire. The resistance of each wire grid is 220 Q. 


The elastic element is a cross shaped member (Fig. 2), the center of which is connected to the movable 
rigid center of the case. The opposite rigid center of the case is firmly connect d to the body of the device. The 
wire grids are connected to an electric bridge, the circuit of which is shown in Fig. 3. The signal proportional to 
the absolute pressure*® produced by the strain gages is received by the AK-4D automatic measuring compensator 
[1]. with a 10,000 division scale, and recorded as a number on the paper tape. The AK-4D automatic compen- 
sator is a high-precision device with a relative error of 40.02%. The maximum length of connecting cable is 
30 m. The measuring range of the device is 150-1300 mm of mercury column. 


We shall refer to the ratio of the increase in the number of divisions N-Ny of the automatic compensator 
scale to the change in the pressure P which causes this increase: 


d om — div/mm Hg, (1) 





as the sensitivity of the pressure gage. 


Using the equations for the calculation of the bridge circuit [2] for the case when the bridge operates at a 
high load and the resistance of all four arms is equal, we can write: 


0,25 Uesn 


q 


N—N,= (2) 


where U is the voltage of the current supply to the bridge in v;s is the sensitivity of the wire grids; n is the 
number of active arms of the measuring bridge; q is the value of a division of the measuring compensator®® in 
v/div, and ¢€ is the percentage strain of the wire grids. 


_ (3) 
E 


where E is the Young's modulus of the material of the elastic element in kg/cm* and o ay 18 the average stress in 
the section of the elastic element to which the wire grids are cemented, in kg/cm. 


*since the residual pressure in the aneroid case is low (0.1-0.3 mm Hg or so) it can be assumed that the device 
measures the absolute pressure. 
** AK-4D compensators are available with 30- 107®, 15-10°° and 5-107 v/div scales. 
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In order to express Oy in terms of a known quantity we make the following assumptions; 


a) the cross member of the elastic element consists of separate beams of rectangular cross section, the ends 
of which are clamped; the cross member carries a load concentrated in the middle of the span while the stiffness 
of the elastic element is equal to the total stiffness of the two beams working in parallel; 


b) the effective area of the corrugated membrane of the case is wa tt , where D {fs the effective diameter of the 
of the membrane; 


c) the ratio of stiffness of the cases at the hydrostatic load and at the load concentrated in the center is 
4:1, i.e., the same as for flat disks with supported or clamped edges [3]. 


The relevant calculation produces 


—2 (L—4a—21)hED?P 
RL3+-128E bh? 





y= 2.56-10 (4) 


where L, b and h are the length, width, and thickness of the beam of the elastic element in cm respectively; a 
is the distance between the base of the beam and the point at which the wire grids are cemented, incm, J 1s 
the gage length of the wire grid, in cm, and k is the stiffness of the cases under a hydrostatic load, in kg/cm. 


The combined solution of equations (2), (3), and (4) produces: 


~2 (L—4a—2/)UsnhD? 
A=0.64-10 div/ Hg, ° 
q\kl?+128EbR) (5) 





Equation (5) shows that the sensitivity of the device depends on the geometrical dimensions and stiffness 
of the elastic element and the aneroid cases, on the response of the wire grids, their gage length and the point 
at which they are cemented, on the number of active arms of the bridge circuit, the bridge feed voltage, and 
the sensitivity of the automatic compensator which operates with the measuring element. 


The change of temperature affects the sensitivity of the device and can become a source of errors. Consider- 
ing that all linear dimensions, the Young's modulus, and the stiffness of the boxes are functions of the temperature, 
we can find the relative variations of the sensitivity AA /A % as a function of temperature. 


After taking a total differential dA, and carrying out the necessary transformations and replacing the dif- 
ferentials by the actual final increases, we obtain 
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The relative change of the linear dimensions and the stiffness properties (AL/L%, AE/E %, etc.) with the 
temperature can be determined by means of the relevant temperature factors. In this case we shall assume that 


* Owing to the assumptions made during the calculation, equation (5) is only approximate. 
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the stiffness of the boxes changes with the temperature, in 
the same way as the Young's moduli of their material. 
The relative changes of linear dimensions AL/L, 0 


AD/D etc., do not exceed 0.002% per 1°C while the 
changes of the stiffness characteristics AE/E and Ak/k 


are 0.03 and 0.05% per 1°C respectively. According to (6), or to measuring element being tested, AA/A = 0.04% 
per 1°C). 





Owing to the fact that the measuring element has no such error sources as clearances, jamming of links, 
and some other instrument errors usually associated with the membrane-type devices with mechanical trans- 
mission of displacements and because the automatic compensator is a high-class precision instrument, the 
pressure gage being considered can have only small measurement errors. 


In the case being considered the elastic hysteresis, creep* of wire grids, instability of temperature, and the 
scatter of the indications of the automatic compensator can become sources of occasional errors. 


The changes in parameters of the automatic compensator, of the elastic properties of the sensitive element, 
and of the electrical properties of strain gages due to aging can cause certain changes in the sensitivity 4 which, 
however, has an insignificant effect upon the measurement accuracy.** In order to control the possible varia- 
tions of A the device should be periodically subjected to official inspection. 


The dimensions of the sensitive element of the prototype are as follows: L = 1 cm; b = 0.8 cm; h = 0.148 cm; 
and D = 4.5 cm. 


*I.e., the changes in the indications of the strain gage during the period after the application of a constant load. 
** The wire grids fixed to the sensitive element some years ago are still functioning normally. 
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The stiffness of the unit consisting of two aneroid cases was k = 190 kg/cm. The other values contained 
in (5) and (6) were as follows: 1 = 1cm; a = 0.3 cm; s = 2.07;E = 2-107* kg/cm’; and n= 4, The value of 
the automatic compensator's divisions was q = 15-107* v/div. The feed voltage of the measuring bridge could 
be varied from 6 to 36 v. 


A pressure P forms in the body of the device, which is higher or lower than the atmosplieric pressure Pat: 
The pressure difference P —P,,,was measured by a U-shaped mercury manometer with 1 mm scale which was 
fitted with a 0.1 mm vernier. The results of calibration at the normal temperature are given in graphs (Fig. 4) 
which contain all the experimental points taken in both forward and reverse directions. The abscissae represent 
the absolute pressure in the body expressed in mm mercury column and the ordinates represent the number of 
divisions on the scale of the automatic compensator. 


The data obtained show that within the investigated pressure range the characteristic of the device is linear. 


The sensitivity 4 was found by processing the experimental points by the method of minimum squares and 
was found to be in a satisfactory agreement with the data calculated from (5); this is indicated by the following 
table: 





i Occa sional measurement errors are character- 





























ae feed voltage U | 12 | 18 24 20 | ized by the mean square deviations On of the experi- 
Ee mental points from the straight line, in the direction 
X, calculated from(5) | 1.03 | 1.53 | 2.08 | 2.54 | of the N-axis. 
dX, obtained by expts. 0 ; | 
LA Se As a result of the processing of four sets of 
experimental data the following values of occasional 
errors were obtained: 
eine | wl | - | ‘a | | Similar results with regard to the sensitivity and 
| accuracy were obtained in several sets of tests carried 
2 in divisions | 2.4 | 3.9 | 4.9 | 2.7 | out on another device with a sensitive element whose 
once beam had a thickness of 1.43 mm. In all tests the 
« ta om Mg | en | _ | yes | ae error was less than 5 mm Hg. 
| 
gy ag Apenachell 0,2 0,1 | In order to check the effect of temperature upon 
ment range in % ‘ the sensitivity A it was determined twice: at the 











room temperature and after heating the device for 
several hours in a heating chamber. When the temper- 
ature of the device was increased by 23°C the sensitivity changed by 1%. This is close to AA/A = 0.04% per 1°C. 
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CONTACTLESS INDUCTION TORSION METERS 


E. S. Levshina, P. V. Povitskii and A. M. Turichin 


The main advantages of inductance torsion meters are that they require no contact devices and, as a rule, 
need no tube amplifier. 
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The operating principle of the inductance converters of a torsion meter is shown in Fig. 1. Three steel rings 
2, 3, and 4, with teeth, are fixed at three points on the shaft 1 being tested. Between the teeth of the central and 
the side rings there are gaps. When the shaft is twisted one of the gaps decreases and the other increases, 


The coils 5 and 6 are mounted on the stator 7. The path of the magnetic flux of the coils {s indicated by 
arrows. A change in the size of the gaps causes a decrease of the magnetic resistance to the flux of one coll, and 


an increase in the resistance to the flux of the other coil, thus causing a corresponding change in the electrical 
resistance of the coils. 


The main characteristic of the quality of the converter is the relative change of the electrical resistances 
or the relative sensitivity € a. where z; and z, are the electrical resistances of the coils for the nominal 
1 
torque acting upon the shaft. 


At the Laboratory of Electrical Measurement of Nonelectrical Quantities at the M. I. Kalinin Leningrad 
Polytechnical Institute, several designs of inductance converters intended for the measurement of the torque in 
various conditions were developed under the direction of the authors. 


For large dimensions the simplest design is one incorporating circular coils enclosing the rotor which leads 
to a high weight of the installation and to an increase in the share of copper resistance in the total resistance of 
the circuit. It is more economical in such cases to use a converter with outside coils. 


Figure 2 shows the section of an IKM-51 converter. Its stator consists of three armatures 1 made from sheet 
steel and held in the Silumin body 2. The coils are placed over the core 3, which is also made of sheet steel, and 
connected to the annular armatures by means of the steel plate 4. The shape of the rotor teeth and the path of the 
magnetic flux are seen in Fig. 1. The cross section of the stator armature decreases according to the intensity of 
the magnetic flux, which decreases with the increasing distance from the coils. The rotor rings are connected to 


the shaft by means of the curved brass flanges 5, which makes possible an increase of the base without increasing 
the design length of the converter. 


The body consists of two halves bolted together and is connected to the shaft by the bearings. 


The IKM-51 converter has been successfully tested in measuring the torque on the intermediate shaft of a 
car gear box. 


A shortcoming of this design is that the operation of the converter is affected by unequal spacing of the 
teeth, as a result of which pulses corresponding to the shaft speed may become superimposed during the recording 
on the curve of the process being measured. If the accuracy requirements are high, the design with outside coils 
is not acceptable, even if the size of the converter is large. 


The IKM-54 converter made of solid steel with circular coils is intended for measuring the torque on the 
engine test bed. The requirements presented to this converter are for highest possible measurement accuracy. 


The converter (Fig. 3) has the shape of a coupling connecting one working shaft (of the engine) to the 
other. A special steel was used for the construction of the converter shaft (coupling) which made possible an 
increase in the stress in the shaft materials to 7000 kg/cm during the dynamic loading. 


The shape of the rotor teeth is easier to produce than that shown in Fig. 1. The rotor diameter is increased 
as much as possible in order to increase the effective motion and to reduce the loss of the flux through the shaft. 
The stator is made of solid stee] and has two deep recesses inside which take the coils. The stator consists of two 
halves which are bolted together and can be taken apart; it is connected to the rotor by bearings and is secured 
to the engine frame. 


In order to compensate the temperature error due to the variations in the stiffness of the shaft, a coil made 
from copper wire is provided, which is connected into the measuring circuit of the device. 


Quite often the converter has to be fixed directly onto the shaft being tested. This purpose is met by the 
IKM-51A converter (Fig. 4). 


Half-disks from a nonmagnetic material which carry the half-cylinders of the rotor, are cast integral with 
the hollow split sleeve. Both halves of this rotor are placed onto the shaft being tested and secured to it in two 
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extreme sections by means of bolts. The design of the stator is the same as in the IKM-51 converter. The IKM-53A 
converter was made for measuring the torque of a model hydraulic turbine. 



































Fig. 3. 





The IKM-53 converter (Fig. 5) has the shape of a 
tube which is placed inside a hollow shaft, its design 
therefore differs considerably from these described 
earlier; its stator and coils are not placed outside, but 
inside the rotor. 


The rotor of the converter consists of three tubes fitted tightly into one another and fastened by screws. The 
middle tube 1 carries on each end a toothed ring 2. Both outer tubes, 3 and 4, have curved recesses which also 
form teeth. Together with the corresponding teeth of the rings, the teeth formed by the recesses produce the work- 
ing air gaps. The rotor of the converter is rigidly connected to the shaft being tested by means of the wedge plugs 
5. The converter stator also consists of three firmly connected tubes, which are supported in two bearings, 6. 


The outer tubes are made of steel, and the middle tube from a nonmagnetic material. The outer tubes of 
the rotor carry coils which produce the working fluxes, and coils intended for the compensation of temperatures. 


For the conversion of small torques the flexible element can be designed as a hollow split sleeve which can 
have in the middle a radius 8.5 times larger than the radius of a solid shaft of the same rigidity. Such a sleeve 
has been used in the IKM-52 converter, whose range is 25 g-cm (Fig. 6). The rotor of this converter consists of 
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two half-shafts 1 whose ends carry disks of a nonmagnetic material. The outer disks 2 are connected with the 
middle disk 3 by means of four flat springs arranged in radial planes. The disks carry hollow mild-steel 
cylinders which are milled in such a manner that they form pairs of teeth 4 separated by a narrow air gap. 


The testing of the converter with the magnetic cir- 
cuit of sheet steel showed that despite the many diffi- 
culties involved in their manufacture it has no advantages 
over the type made of solid steel. 








The specifications of all types of converters developed 
are given in the table. 


Fig. 6. In measuring slowly changing torques (with a frequency 
up to 5-7 cps), the inductance torsion meters can be con- 
nected direct to the line of 50 cps frequency through a 
dividing (usually a step-down) transformer. 





For the investigation of fast processes very useful 
sources of power are motor generators connected to 24 v 
storage cells which produce a voltage of 115 v and 400- 
500 cps. A high stability of frequency and, which is of 
particular importance, of the output voltage of the motor 
T generators, ensures a high accuracy of measurements. 





Co 























Fig. 7 If even faster processes need investigation, production 
ni models of audio-frequency tube generators (20-20,000 cps) 
with stabilized voltage can be recommended; for example 
~s0 cps the ZG-10 generator. 








Since with a considerable increase of frequency the 
sensitivity of inductance converters (especially with a 
magnetic circuit made of solid steel) sharply decreases, in 
the majority of cases the use of frequencies over 2000 cps 
is not recommended. 


ws 
ico & | The main type of measuring circuit for an inductance 
converter is an ac bridge, two arms of which are formed 
by converter coils and two other arms by two half-windings 
Fig. 8. of the input or output (matching) transformer. 
































An oscillograph vibrator (e.g., MPO-2) with a preceding phase-sensitive rectifier, and, for measuring and 
recording the slow-changing torques, EMD, EMU, EID, or EMP automatic ac bridges (500 cps) are used as 
measuring devices in recording dynamic processes. 


The wiring of a typical measuring circuit used with inductance converters, which was developed at the 


Leningrad Polytechnical Institute, and is used during dynamic measurements with all types of converters of the 
IKM range, is shown in Fig. 7. 


Here the measuring bridge is formed by the coils Co of the converter and two halves of the primary winding 
of the matching transformer Tr. 


The converter windings have 200 turns when fed from the 2000 cps source (Z = 160 Q for each winding) or 600- 
1000 turns (Z= 200-500 2) when connected to a 127 V, 50 cps supply. 


At a frequency of 2000 cps the input impedance of the bridge is 80 2, which is in a good agreement with the 
autput impedance _ of the ZG-10 generator (50 Q); and the output impedance of the bridge (at the terminals of 
the transformer Tr) is 320 Q. 


From the output winding of the transformer Tr the voltage is fed through the phase-sensitive ring-circuit 
rectifier with VK-20 copper oxide cells (20 mm diameter), and the filter, onto the oscillograph vibrator. 
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| Converter type 
IKM-50 IKM-51 IKM-51A_ |IKM-52 IKM-53 IKM-54 
te 
Specification . : 
P S Measuring range kg-m 
+0.5 120 - 0.00025 _ 400 
Dimensions 
Length 212 310 - 50 540 315 
ad — 130 220x210 16 6) 34U 
; . | 28.1072 2.3. 10-2 2.16. 19-2 1.55. 10-2 8.4.10-2 
Angle of twist a 1.5 i.3 1.6 u.9 4.8 
g 
Initial gap mm 0.8 1.0 0.6 0.025 0.170 =)'0 
Total variation 
of the gap mm +0.37 +0.8 +0.14 +0.022 _ 6 
Sensitivity % 5 10 6 6 4 38 
































Since the total impedance of the vibrator, filter and rectifier (on the terminals of the secondary winding of 
the matching transformer) is about 25 Q, the circuit has its maximum sensitivity when the transformation ratio 
of the matching (step-down) transformer is n = 3-4, 


Since the output current of the bridge with inductance converter has a phase shift, with respect to the feed 
voltage, of practically 90°, the commutative current of the ring circuit of the rectifiers must be shifted through 
the same angle. This is achieved in the easiest possible way by using as an output divider of the ring circuit, 
instead of active resistors, the two capacitors C, the capacities of which are selected in such a manner that the 
commutative current of each of the rectifiers connected at any given moment is 1.5-2 times higher than the 
vibrator current. 


If necessary the accurate preparation of the phase of the commutative current can be effected by the intro- 
duction of a small resistor, selected by experiment on the basis of the maximum output current. 


This measuring circuit can produce a linear scale up to 50 ma with an accuracy of 3-5%, provided that the 
supply voltage is stable. 


The use of ferro-resonance stabilizers with inductance converters produces no satisfactory results because 
they greatly distort the voltage curve — which can lead to an increase rather than to a decrease of the resulting 
error. 


A typical measuring circuit for inductance converters, which is used at the Leningrad Polytechnical Insti- 
tute in measuring and recording slow-changing torques with all types of IKM converters, is given in Fig. 8. 


Here the measuring bridge is connected to the 50 cps line, and the transformer plays the part of a mutual 
inductance coil and transforms the difference of the converter winding currents into emf Ey = jwMAI which is 
shifted in time through 90° with respect to the vector of the increasing current, i.e., into an emf which coincides 
in phase with the feed voltage. As a result Ej) can be compensated by the voltage drop R, on the slide rheostat, 
which is operated by the servomechanism of the automatic bridge of any of the above types. 


The resistor Rg is used for setting the device to zero in the absence of a torque, and the resistor Ry is used 
for adjusting the current in the circuit of the rheochord R,, i.e., for regulating the measurement range. 


The advantages of this measuring circuit include the practically complete absence of an error due to the 
fluctuation of the voltage in the line feed, and the resulting sign measuring accuracy which reaches 0.5-1%. 
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SUMMARY 


1. Contactless inductance torsion meters can find a wide application in the study of torques of greatly 
different sizes (from 20 g-cm to 500 kg-m and over). 


2. Inductance torsion meters can be used for measuring slowly changing torques with an error of up to 


0.5-1%, and also in dynamical measurements (with measuring frequency up to 200 cps and over) with an error of 
up to 3-5%, 


3. Such small errors are obtainable only when the relative sensitivity of one converter € = tig suf- 
m+ % 


ficiently high (over 10%), which can be achieved when the shape of the magnetic conductor of the converter is 
correctly selected and calculated. 


4. Inductance contactless torsion meters are reliable in operation. 


THE DUG3 UNIVERSAL DYNAMOMETER HEAD 


A. A. Voronin 


The device being described is a development of a universal dynamometer head designed by the author [1]. 


The dynamometer body (Fig. 1) consists of the solid rim 1 and the cradle 2, The rim is tightly pressed with 
its ground shoulder against the face plate 3 which is joined by screws 4 to the end of the machine tool spindle. 


The cradle, which is connected to the rim by means of elastic spokes, carries the cutting tool held in the 
holder 5. The spokes have a constant cross section and are uniformly spaced in two rows along the circumference, 


Each row has 12 spokes, the rear row being displaced through 15°, with respect to the front row. This 
design of the elastic system ensures a high rigidity of the dynamometer in all directions, with the exception of the 
twist about the spindle axis. Therefore, only one component of the cutting force, the tangential force, can cause 
relatively big displacements in the system. Under the action of the tangential force the spokes become bent and 
the cradle turns with respect to the rim. This turning causes a deformation of three elastic rods 6 of the measuring 
unit. The rods 6 have a circular cross section and are hollow at both ends. Both ends of each of the rods have 
relatively thick walls and are rigidly connected to the rim by means of nuts, pins and bolts. The central solid 


parts of the rods are secured by means of screws 7 in three support arms integral with the cradle, and are arranged 
to form an angle of 120° with one another. 


Thus, the twisting of the cradle 2 which takes place during the cutting process results in deformation due 


to the tension and compression of the hollow parts of rods 6. These parts carry resistance strain gage wire grids 
with a resistance of 200. 


The wire grids form two arms of the input bridge of the amplifier (Fig. 2). The grids which undergo strain 
of the same type are simultaneously connected into the same arms. This manner of connection also ensures tem- 
perature compensation. The wire grids are connected to the input bridge by means of a contact device which 
receives the current through the screening sleeve 8 (Fig. 1) and tube 9 which is passed through the machine spindle. 


The mercury contact device is designed for transmitting an electric signal coming from four points simul- 
taneously. It is fixed by means of screws 1 to the revolving spindle. The cables are connected to insulated 
terminals on the rotor. 


The main part of the rotor is the shaft 2. This shaft carries bronze rings in a certain order separated by 
threaded neoleucorite spacers. The spacers to the left and right of the rings have opposite threads and the rotor 
must be turned according to the direction of rotation. In order to insulate the rings from the shaft, the latter is 
covered with a 0.1 mm thick layer of cigarette paper. 
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Fig. 3. 


The cables 3 are passed through the shaft and soldered 
to each ring. The set of rings and spacers are held together 
by the nut 4. Thus assembled, the rotor is mounted into the 
body. 


When the rotor is placed in position, each of its rings 
faces a bronze contact ring which is connected with a wire 
to the outlet terminal 5. 


Small gaps between the rings of the rotor and the contact 
rings are filled with mercury through holes closed by screws 6. 


During the rotation of the rotor the body remains sta- 
tionary. The square threaded sleeves press the mercury into 
all the gaps betwen the contact rings of the stationary body 
and the shaft of the rotating rotor. This ensures perfect 
contact at practically any spindle speed. 





The DUG-3 device was tested with the object of determining its characteristic. 


The wire grids of the device were connected through the contact unit into the input bridge of the electronic 
amplifier ChT-50 [2]. 














The calibration device used in the test for obtaining the desired loading conditions of the dynamometer for 
the cutting process is shown in Fig. 4. The plate 2 is fixed inthe dynamometer head 1 in place of the milling cut- 
ter, and secured in position by means of a screw and washer. The ball 4 is held by the holder 3 against the plate, 


it is supported on the bevelled and ground surface of the hardened plate 5. This plate is secured to the machine 
tool spindle. 


If a torque is applied to the dynamometer body by means of the lever 6 at the point of contact between the 
ball and the plate, three forces are produced: tangential, radial and axial. The relation between these forces de- 
pends on the slope of the supporting surface of the plate 5 and on the position of the point of contact with respect 
to the horizontal plane passing through the spindle axis. The absolute values of these forces depend on the torque 
applied and on the distance between the point of contact and the axis of the machine-tool spindle. 


With the help of a set of plates and by varying the radius and the height of the point of contact we were 
able to produce various loads on the dynamometer head. 


The indications of the dynamometer under various loading conditions were indicated on a dial or by means 
of the beam of the MPO-2 oscillograph. 


The elastic displacements with respect to the body of the dynamometer cradle which carries the cutting 
tool were recorded by means of the micron indicator 7, secured on the dynamometer body in such a manner that 
its measuring plunger contacts a lever fixed in the cracle. 

SUMMARY 

The testing produced the following results. 


1. In milling within the recommended torque range the indications of the DUG-3 dynamometer head are 


hardly affected at all by the changes in the position of the point of application of the resultant load and by the 
variations of the ratio of its components. 


2. The process of loading during the calibration is simple; the loading is effected by means of a balanced 
lever with weights hung on it. 


3. The stiffness of the elastic system of the dynamometer was j = 400,000 kg-cm/deg. The elastic dis- 
placements are linear. The natural frequency w ™ 2100 cps. The damping time t = 0.02 sec. 


4. The dynamometer is recommended for use within the range M, = 25-2500 kg-cm, The diameter of 
the milling cutter used with the dynamometer is D,,, = 40-400 mm. End mills and mandrel mills can be used. 
The width of shank mills should not exceed 45 mm. The dynamometer speed n < 3000 rpm when mercury 
contacts are used, Atn< 100 rpm, sliding contacts can be used. 


5. For improving the precision the entire range should be subdivided by varying the amplification. 


6. In measuring the torque during the milling the total error is about #4%. 
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THERMOTECHNICAL MEASUREMENTS 


UNITS FOR THE MEASUREMENT OF THERMAL QUANTITIES 


B. I. Pilipchuk 


The article examines some of the aspects on which the GOST 8550-57 “Heat Units” is based, and which 
require a more detailed consideration: the GOST Specification 8550-57 replaces the OST VKS 6259 Specifi- 
cation which has been in force since March 1, 1934, 


System of units. For measuring thermal quantities the GOST fixedasystem in which the principal units are: 
meter, kilogram (mass), and degree C. 





The International Committee of Weights and Measures recommended on October 5, 1956, the adoption as 
an international system of units, of the system based on the following principal units, which were approved by the 
10th General Conference of Weights and Measures which took place in 1954; the unit of length — meter, the unit 
of mass — kilogram; the unit of time — second; the unit of thermodynamic temperature — °K; the unit of electric 
current — ampere; and the unit of light candela. The system of units introduced by GOST 8550-57 thus specifies 
that part of the international system of units which is used in thermodynamical measurements. The definitions 
of meter, kilogram, and second are given in GOST 7664-55 “Mechanical Units.” The definitions of the absolute 
thermodynamical and the international centigrade scales are given in the appendix to the Standard Specification 
being considered. 


Together with the heat units of the International System of Units the use of units outside the system, which 
are based onthe calorie is also permissible. 


The sections of the GOST 8550-57 which deal with the principal units also give the names of quantities and 
their units, the abbreviations of units in Cyrillic and Latin characters, and also the dimensions of units. 


The formation of multiple and sub-multiple units must comply with GOST 7663-55. 


Temperature scales. The 10th General Conference of Weights and Measures adopted in 1954 the new defi- 
nition of the absolute thermodynamical temperature scale. Earlier,the degree was defined by the condition that 
the interval between the boiling point of water and the melting point of ice was exactly 100°C. At present the 
size of the degree is determined by the condition that the temperature of the triple point of water is exactly 
273.16°K. The theoretical advantages of such a definition were stressed long ago by two great physicists of the 
last century, the famous Englishman W. Thomson (Lord Kelvin) and the giant of Russian science, D. I. Mendeleev. 
In view of the novelty of this question to the wide circle of “nonthermometrists” it is interesting to consider this 
question in some detail. 





The strictly scientific definition of thermodynamical temperature was first given in 1848 by W. Thomson 
who based his considerations upon the Carnot cycle of perfect heat engines. The coefficient of efficiency of the 
Carnot cycle is not independent of the nature of the working medium and is defined solely by the thermal condi- 
tion (i.e., the temperatures) of the media acting as heater and cooler. Any monotonous function of the efficiency 
of the cycle carried out at the same temperature of the cooling (or the heating) medium characterizes in a unique 
way the temperature of the heating (or the cooling) medium. In order not to break with the scale of the gas 
thermometer W. Thomson chose, on the advice of Joule, the simplest function, assuming that the ratio of the 
absolute temperatures of two media acting as heating and cooling media is equal to the ratio of heat quantities 
emitted or absorbed by these media 

Tr _@ 
Ty Q. 
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In his paper "On temperature phenomena in moving liquids” (1854) W. Thomson wrote: 


"For selecting the unit, i.e., the degree, for the numerical measurement of temperatures we can take any 
definite temperature, such as the temperature of melting ice, as the unity of any other scale of our choice. Or 
we can choose two constant temperatures such as the temperature of melting ice and the temperature of saturated 
water vapors . . ., and denote their difference by any scale of choice, for example 100. The last definition is 
the only convenient one for the present state of science, taking into account the need to maintain contact with the 


practical thermometry now in use, but the first definition is much to be preferred from the theoretical point of 
view and must in the end be adopted.” 








TABLE 1 In December 1873 D. I. Mendeleev read papers 
on his work at the meetings of the Russian Chemical 
Fixed point Equilibrium temperature in| Society and the Russian Physical Society. In the report 
1°C at the werere pressure on these meetings we read: 
of 101,326 n/m "D. 1. Mendeleev stressed the need and usefulness 
Boiling point of oxygen —182.97 of the adoption of the metric system of measuring tem- 
Melting point of ice 0 peratures for accurate scientific measurements... " 
Boiling point of water 100 ", .. Adopting hydrogen at a pressure of 1000 grams 
Boiling point of sulfur 444,600 per sq.centimeter at the melting point of ice as the 
Freezing point of silver 960.8 origin, the increase of temperature which increases the 
Freezing point of gold 1063.0 gas tension by 1 gram per sq. centimeter should be cal- 

















Note: The boiling point corresponds to the equilibrium _led the metric degree a ) . Such a system of measur- 
between the liquid and gaseous phases, the solidifica- 
tion point corresponds to the equilibrium between the 
solid and liquid phases of the standard substance. 


ing temperatures, “he continued,” would make easier 
all calculations with gases, and is in agreement with 


their mechanical theory ...," ". . . and makes pos- 
sible the omission of the other point (the boiling point 
of water) of the present system... ” 


In the note, D. I. Mendeleev points out: "1°C = 3.667 such metrical degrees; 0°C = 1000 oe 100°C = 1366.7 — 


(Other metrical systems of temperatures are also possible)” This note is of particular importance for the comect un- 
derstanding of the proposal put forward by D. 1. Mendeleev: by not insisting on the choice of increase in pressure 
by 1 g/cm* he expresses the possibility of giving any agreed numerical value to the single experimentally deter- 
mined point of his scale. The absolute zero temperature (in inaccessible second fixed point of the scale) then 
becomes the lowest limit of the temperature interval, the size of whichis fixed arbitrarily. 


In 1939 Jack(University of California, USA) again drew attention to the advantages of such an absolute 
temperature scale. He listed the following advantages of "the scale with a single fixed point:” 


1. Improved accuracy of the indication of absolute temperatures. 


2. Obviation of calculations unavoidable at each change of the adopted best value of To, the absolute 
temperature of the melting point of ice. 


3. The use, without any changes, of the thermodynamical data published earlier. 


The discussion of this question in international organizations led, in 1954 at the 0th General Conference of 
Weights and Measures, to the adoption of the new definition of the absolute thermodynamical scale, i.e., of the 
theoretical temperature scale to which in the end all thermometrical measurements must be reduced. The only 
basic fixed point of this scale is the triple point of water. The replacement of the melting point of ice by the 
triple point is due to the fact that at the present state of experimental techniques the triple point can be deter- 
mined with great precision (the temperature can be maintained constant within about 0.0001°C, and the point 
can be reproduced by various devices with an accuracy of about 0.0002°C). For practical use the 9th General 
Conference of Weights and Measures adopted the 100° international temperature scale in 1948, which is based 
on constant and repeatable temperatures of phase equilibrium, i.e., the primary fixed points which were given 
definite numerical values (Table 1). 
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TABLE 2 






























































- Origin _____ Theoretical realization ae Initial point | 
Number of fixed points : 2 6 6 
Tt Qk oT! = (ot' +273,16) 2K" oT = (sf 273, 15K 
Absolute zero a sm thermo+| Absolute thermo International International 
ynamical dynamical absolute scale b 
scale — 1954 scale of 1854 | of 1927 of eCyty —_ 
m i— | pee 
a= af (97 —,T8C at’$C’ 
| : Melting point Centigrade International | 
peed : temperature | centigrade 
3 of ice i scale of 1854 scale of 1927 
ies emcee snort am So ! 
The point 0.0100°C if =(, 7-273, 15°C | fC | 
below the triple Thermodyna- | International 
point of water — ol centigrade 
grade scale 
oF 1954 scale of 1958 











The detailed instructions on the division of the scale into sections on the standard devices in use, and on the 
interpolation equations for them, and also the recommendations on the obtaining of the fixed points, are given in 
the "Regulations on the International Temperature Scale of 1948."° 


It should be pointed out that, although in the regulations of 1948 the melting point of ice is classed as one 
of the basic points, the 9th General Conference adopted at the same time as these Regulations the third resolution, 
Paragraph 1 of which reads: 


", .. The zero point of the centigrade thermodynamical scale must be determined as a point 0.0100°C 
below the triple point of pure water.” 


According to the most accurate measurements, the temperature of the triple point of water is +0.0099°C 
of the international scale of 1927. The introduction of a fixed value for this temperature (+0.0100°C of the 1948 
scale) cannot affect the results of very accurate thermometrical investigations but is important in principle, as it 
introduces a new arbitrary origin of the centigrade scale, and, in effect, deprives the melting point of ice of the 
status of a basic point. There is no doubt that in the near future the melting point of ice will be graded as a 
secondary point, while the primary boiling point of water will be deprived of its status as a basic point. Both 
traditional basic points of the temperature scale will have to give place to the triple point of water. 


At present there are eight different temperature scales which may be classified: by the initial point, by 
the number of fixed points needed for defining the scale and by their origin. Table 2 lists all these scales and 
introduces the individual designations for the temperature and degree of each of them. 


The prefix designates the number of fixed points necessary for defining the scale. For example, the Inter- 
national Temperature Scales of 1927 and 1948 are based on 6 fixed points (Table 1) and therefore carry the prefix 
7, 

Each scale is characterized by the year of its introduction. The theoretical scales yT and gt are based on 
two points; the melting point of ice and the boiling point of water are here arbitrarily considered as being developed 
in 1854, i.e., in the year when the above-cited paper by Thomson was published. The scales 9T, gt, ¢T'', and gt’ 
are at present only of historical interest; in Table 2 they are enclosed in a frame. 


*Coll.: Methods of Measuring Temperatures, edited by V. A. Sokolov, [in Russian] (Foreign Literature Press, 
Moscow, 1954, v. 1, pp. 50-63). 
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The formulae are only given where they define the scale by means of the other scales to which they are 
related. For example the thermodynamical centigrade scale of 1954 (,t) is based on the absolute thermodyna- 
mical scale of 1954 (,T), which is based on the "“sirigle” fixed point by means of the reduction equation ,t = (,T 
—273.15)"C. The thermodynamical centigrade scale of 1854 (gt) is obtained in the same way from the absolute 
thermodynamical scale of 1854 (,T) by means of the equation: gt = (sT -yT))C, where gT, is the absolute tem- 
perature of the melting point of ice, which is a physical constant without a prefixed numerical value on the sT 
scale and is determined only by experiment. The International Absolute Scale of 1948 is determined from the 
International Temperature Scale of 1948 by means of the connecting equation: ¢T = (gt + 273.15)%K. 


Table 3 gives the numerical values of the fixed points of water which are the basic points of the Scale. The 
figures in brackets are found by experiment, all other numbers are points given by definition. 


The symbols ,T and gt are at present written simply: T and t. For ¢T and yt the designations Tj, and ty, 
are suggested. The symbols ;K, gC are equivalent to the following commonly used designations 


“K =°K,? 
6’ =°C(Int), 
gC =°C(/nt 1948) or simply —°C.? 


No reliable data are as yet available on the differences between the numerical values of ;T, gT, and ¢T 
which belong to the same temperature. With an accuracy adequate for practical purposes it can be assumed that 
the equation 


which makes possible the calculation of the absolute thermodynamical temperature from the international centi- 
grade temperature of 1948 by means of the simple equation 


T= (t+273.15)°K. 
is correct. 


The numerical values of temperatures must be accompanied only by symbols "°K" or ™C." In the abbre- 
viations of the derived heat units, and in their transformations contained in dimensions, only the designation «zpad» 
or "grad"*® should be used. 


















































TABLE 3 
Temperatures 
if of et’ ot wT of arr Py 
‘Melting — * 7 
point of (+0.0001) 0 0 (+0.0001) _ To (273.16) (273.1591) 
ice 
Triple 
point of +0.0100 (+0.0099) +0.0100 273.16 ~ (273.17) 273.16 
water 
Boiling 
point of (99.994) 100 100 - 27, +100 (373. 16) (373. 1594) 
water 





* It should be noted that up to 1948 the symbol °K coincided with the symbol yK and the symbol °C means the 
same as the symbol gC’. 

**The nternational organizations adopted "deg" as the abbreviation of the English word "degree." Since the 
Latin word “gradus” has been adopted in Russian, there is no point in using the abbreviation of the English word. 
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Derived Units of the International System, The majority of the derived heat units have no designations of 
their own. The only exceptions are the two units: joule and watt. 





From the moment when the first foundations of thermodynamics were laid in the middle of the 19th century 
it became clear that heat as a special type of energy requires no special unit for measuring its quantity but can 
be measured in the units of mechanical energy. However, because until recently the experimental techniques 
were not sufficiently developed, a special unit~the calorie, was adopted, although already — at the beginning of 
the 20th century — the adoption of the erg as the main untt for measuring the quantity of heat,and the calorie 
as an auxiliary practical unit was suggested. The All-Union Scientific Research Institute of Metrology suggested 
at the 8th and 9th General Conferences of Weights ‘and Measures the acceptance of the joule as the unit of heat 
energy. The 9th General Conference adopted the third resolution, paragraph 3 of which says: “The unit of the 
quantity of heatisa joule.” In compliance with this decision, and with the establishment of an international system 
of units, the standard specification being considered fixed the joule (j; J) as the unit of the quantity of heat and 
also of the thermodynamical potentials (internal energy U, isochoric-isothermic potential F = U —TS, the 
enthalpy H = U + pV, and the isobaric-isothermic potential Z = U-TS+ pV. According to GOST 7664-55 
"Mechanical units,” the joule is the work done by a force of 1 n during the motion of its point of application in 
its direction over 1 m. On the other hand, the joule can be defined as work done by an electric charge of 1 c 
in overcoming the potential difference of 1 v. Up to 1948 when the change was made from international to 
absolute units, the unit of electrical energy was the international joule, The value of the international joule 
expressed in international units can be found from the relations 


1 intern. volt = 1.00034 absolute volt; 

1 intern, ampere = 0.99985 absolute ampere. 
Thus 

1 intern. joule = 1.00019 absolute joule. 


This relation is indispensable when using the results of old calorimetric measurements which were made 
before the transition to the absolute electrical units. 


The unit of heat flux, the watt (w,e7;) is the unit of power corresponding to the work done by 1 joule for 
1 sec. 


The heat capacity and the entropy of a system are measured in joules per degree (j/deg; (dac/epad; ) 
The specific thermal units are formed by relating the corresponding quantities of the system to unit mass: 


the specific thermodynamic potentials and also the specific heats of phase transformations and chemical 
reactions are measured in joules per kilogram (j/kg; (do«/ke; ) 


the specific heat and the specific energy are measured in joules per kilogram per degree (j/kg - deg; 
(da /Ke.2pad;) 


The standard specification gives the following unit for the temperature gradient: 
degrees per meter (deg/m; epad/m); 
the heat flux density and density of emission of radiant energy: 
watts per sq. meter (w/m’; er/m? ); 
heat emission and heat transfer: 
watts per sq. meter per degree (w/m? . degree; er/m?-2pad); 
heat conductivity: 
sq. meters per second (m*/sec; m?/cex,) 


* The unit of heat capacity often used in calorimetry, the joules per gram per degree, is a multiple unit: 1 j/g- 
‘deg = 10° j/kg - deg. 
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TABLE 4 










































































° 0 1 2 3 4 5 6 7 8 g 

0 4.2174 4.2138 4.2104 4.2074 4.2045 4.2019 4.1996 4.1974 4.1954 4.1936 
10 4.1919 4.1904 4.1890 4.1877 4.1866 4, 1855 4.1846 4.1837 4.1829 4.187 
20 4.1816 4.1819 4.1605 4.1801 4.1797 4.1793 4,17¢¢ 4.1787 4.1785 4.1783 
30 4.1782 4.1781 4.1789 4.1780 4.1799 4.1779 4.1780 4.1780 4.1781 4.1782 
40 4.1783 4.1784 4.1786 4.1788 4.1789 4.1792 4.1794 4.1796 4.1799 4.12801 
50 4.1894 4.1807 4.1811 4.1814 4.1817 4.1821 4.1876 4.1829 4.1833 4.1837 
60 4.1841 4.1846 4.1850 4.1855 4.1860 4.1865 4.1871 4.1876 4.1882 4.1887 
70 4.1893 4.1899 4.1905 4.1912 4.1918 4,1925 4.1932 4.1939 4.1946 4.1954 
80 4.1961 4.1969 4.1977 4.1985 4.1994 4.2002 4.2011 4.2020 4.2029 4.2039 
*” 4.2948 4.2058 4.2068 4.2078 4.2039 4.2100 4.2111 4.2122 4.2133 4.2145 
0 4.2156 











The units of molecular quantities are formed from the above specific units by replacing the kilogram by the 
kilomole (kilomole; kmol). 


Derived units outside the system. In a special section of the standard specification derived heat units out- 
side the system which are based on the calorie are listed. 





It is at present very difficult to ascertain when the definition of the unit of the quantity of heat linked with 
a specific substance, water, was adopted by science, and when this unit was given the name of calorie. Up to the 
end of the 19th century the definition of the calorie was incomplete because neither the initial temperature of 
water nor the temperature scale were fixed; neither was the need stressed to remove the dissolved air, nor was 
the heating process specified as an isobaric process taking place at the normal pressure. Historically a great 
number of different calories were used by the heat scientisits of different countries: 0° calorie (Regnault calorie), 
15° calorie (Warburg calorie), 20° calorie, 25° calorie, mean calorie (Bunsen calorie), thermochemical calorie, 


international calorie, and several others — not counting the heat units based on the English units of mass and tem- 
perature. 


In the moderate climatic belt the 20° calorie is the easiest to use since 20°C coincides with the temperature 
of the surrounding medium which has been adopted as the standard temperature for many measurements. 


But the most important unit is the international kilocarorie which is equal to 1/860 of the international 
kilowatt-hour (4.1860, of the international kilojoule) which was suggested in 1929 at the First World Conference 
on the Properties of Water and Steam. Reduced to absolute units, the international calorie is equal to 4.1868 
joules. According to GOST this relation defines the calorie.* 


In view of the existing chaos in definitions the following rules should be adhered to: 


1) in using the data published in technical literature the number of joules should first be ascertained which 
corresponds to the calorie used in the work; 


2) in expressing the quantity of heat in calories the adopted relation between the calorie and joule must 
always be stated; 


3) in publishing the results of measurements made with a water calorimeter the range should always be 
stated in which the water temperature was measured during the tests. 


*The World Conference on the Properties of Water and Steam (London, 1956) recommended the use, in compiling 
new tables for water and steam of the factor 1 kilocalories = 4.1868 + 0.00022 j. The value 4.1868 adopted by 
GOST fully meets, with regard to accuracy, the requirements of the present-day tabular data for water and steam 
(e.g., for the best known enthalpy of water within the range from 0° to 100°C). 
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In practice the table of the likely values of the heat capacity of water (in j/g-deg) is very useful. It was 
compiled in 1950 by De Haas and approved by the International Committee of Weights and Measures at its meet- 
ing of June 13, 1950 (Table 4). The heat capacity of water at the constant normal pressure at a temperature 


expressed in joules per gram per degree is numerically equal to the value of the calorie expressed in joules at 
the same temperature. 


For the heat capacity of water at a constant normal pressure and at a temperature of 15°C, De Haas found 
from the results of the most reliable measurements made by Jager and Steinwehr (1921), Laby and Hercus (1927), 
Osborne, Stimson andGinnings (1939) the value 


Cys = (4.1854, ¢ 0.0003) j/g-deg. dxje-epad ) 


The value of the heat capacity of water at other temperatures, given in Table 4, is found by the multiplication 

of the Cys value by the Cor/Cprs-ratio, calculated from the equation of Osborne Stimson and Gimings which can 

be considered to be the best: 

+100 
100 





5,26 
Cot'C ors = 0.996185 +0.0002874 ( + 0.011160 - 10 —9.036¢ , 
The mean calorie, according to the data of the table, is equal to 4,1897). 
The thermochemical! calorie which is often used in the USA is 4.1840 j. 


The Standard Specification lists the following units which are outside the system: 





The quantity of heat and the thermodynamical potential® 
calorie and kilocalorie (cal, kcal; xa, xxaa ) 
heat capacity and enthalpy of the system, 
calorie per degree (cal/deg; xaa/epad); 
kilocalorie per degree (kcal/deg; xxaa/epad); 
specific heat and entropy, 
calorie per gram per degree (cal/g-deg; «aa/e - epad) 
kilocalorie per kilogram per degree (kcal/kg + deg; xxa./xe- epad,.); 
specific thermodynamic potentials, specific heats of phase transformations and chemical reactions, 
calorie per gram (cal/g; xax/e); 
kilocalorie per kilogram (kcal/kg; !kxa./xe ); 
heat flux, 
calorie per second (cal/sec; xaa/cex) 
kilocalorie per hour (kcal/hr; xxaa/«); 
1 kcal/hr = 1.1630 w; 
density of heat flux and density of emission of radiant energy, 
calorie per sq. centimeter per second (cal/cm? * sec;xaa/cm? - cen) 
kcal per sq. meter per hour (kcal/m®-hr; «kaa/a?-«); 


heat emission and heat transfer* 


* In the original text of the Specification the curved bracket is omitted in the first column of Table 2. 
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calorie per sq. centimeter per second per degree (cal/cm? - sec - deg ;xaa/cm? . cex. 2pad), 
kcal per sq. meter per hour per degree (kcal/m? «hr. deg; xxaa/m?.4. 2pad); 


heat conductivity, 


calorie per centimeter per second per degree (cal/cm sec «deg; xas/cm .cex. epad); 
kilocalorie per meter per hour per degree (kcal/m-hr- deg; xxaa/m.4.epad ). 


Units of molecular quantities are formed from the above specific units by the replacement of the gram by 
the mole ( #012» mol) and of the kilogram by the kilomole (xmoz» kmol). 


METROLOGICAL FEATURES OF COLOR PYROMETRY 


I. I. Kirenkov 


At present in the USSR as well as abroad, experimental investigations are in progress on the possibilities of 
the applicability of the color pyrometry methods in various fields of metallurgy [1, 2, 3]. In connection with 
this research work we shall consider in the following some questions of errors occurring in measuring temperature 
by the color method, which depend on the measuring accuracy of the pyrometer, on the special properties of the 
hot body whose temperature is being measured, on the absorption of heat by the intermediate medium and 


optical parts, etc.; and compare these errors with the errors occurring in measuring temperature by the bright- 
ness method. 


Color temperature. The color temperature of the radiation source is a quantity which characterizes the 
relative spectral distribution of the energy it emits. For the measurement of the color temperature, different 
sections of the spectrum are used,and various methods of comparing the spectral characteristics of the radiator 
being investigated with the characteristic of the perfect blackbody are applied according to the object of the 
investigation of spectral radiation [4, 5]. 





In optical pyrometry the measurement of the color temperature is used for determining the actual temper- 
ature of the incandescent body. The method of such a measurement must ensure that the result is physically 
unique, eliminate the effect of the spectral characteristics of the element receiving the radiation, make possible 
the automation of the measuring process and eliminate tothe greatest possible degree errors caused by the dis- 
tortion of the spectral characteristics of the radiator. In accordance with these requirements the measurement of 
the color temperatures is effected in pyrometry by the method of the red-blue ratio [6, 7], i.e., by determining 
the relation of the spectral brightness of the incandescent body in two parts of the spectrum. During these 
measurements the color temperature of the emitting body is considered to be equal to that temperature of the 
perfect blackbody at which these relations are equal for both bodies, Within the range of applicability of Wien's 
law the color temperature determined in such a way can be expressed by the equation 


i. 


[ay ” 
Jy 5 


where T,, is the color temperature being sought; C, is the radiation constant, and J,/Jq is the ratio of spectral 
brightness at the wavelengths A, and Ag. 


T.=C, 


Spectral brightness means here, as usual, the derivative of the total (energy) brightness with respect to the 
wavelength of radiation [8]. 
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The relation between the color temperature of a hot body and its brightness temperatures at Ay and d_ wave- 
lengths is expressed within the application range of Wien's law by the relation 


1 1 


= = 
Ay Syh, 3 (2) 


A 
ies 


= oe 
ay 
where S, and S, are the brightness temperatures. 


Radiation of hot bodies, All bodies show somewhat different radiation properties, which results in dif- 
ferences between the color temperature and the actual temperature of the body and in a dependence of the color 
temperature on the part of the spectrum section used in the measurements. It is easy to obtain for the above 
equations a relation which expresses the connection between these quantities. 
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where T is the actual temperature of the body and € and € are the emissivities of the body at wavelengths A, 
and A, respectively. 


The calculation of the color temperature of gold based on equation (3) and the measurements carried out 
by Worthing [9] showed that at an actual temperature of gold of 1000°C its color temperature changes according 
to the selected wavelength in the visible part of the spectrum within the range of 500°C. Copper and its alloys also 
show a high selectivity of radiation. The use of color pyrometry with these metals within the visible spectrum is 
difficult since a change of 0.01-0.02, in the effective wavelength of the pyrometer (which is difficult to measure) 
leads to a 50-80°C change in the indication. With most other metals the relationship between the color temper- 
ature and the effective wavelength in the visible region of the spectrum and in the region close to the infrared 
zone is much longer [2, 10]. For example, the color temperature of tungsten at T = 1000°C remains constant 
within about 1-2°C for any wavelength of the visible part of the spectrum [5]. The question of the spectral 
characteristics of the radiation of various bodies is outside the scope of this article. Let us only point out that this 
question has not yet been sufficiently investigated for many substances. 


The properties of tungsten mentioned above make possible the use of temperature lamps with a tungsten 
ribbon which are calibrated for color temperatures [11] as reference radiators for checking color pyrometers with 
any wavelength of the visible spectrum. The calibration of these lamps can apparently be also considered cor- 
rect for the zone close to the infrared region, which suggestion, however, requires an experimental checking. 


Errors of photometric measurements. The requirements which a design of a pyrometer must meet and the 
accuracy it should attain depend greatly on the extent to which the photometric error, i.e., the error occurring in 
the measurement of brightness or the ratio of brightness, affect the error of the temperature reading. In the case 
of a visual brightness pyrometer the measurement accuracy obtainable in determining the brightness is about 1-2% 
[4] and is mainly dependent on the character of the contrast sensitivity of the human eye. In both brightness and 
color-type photoelectric pyrometers the photometric error depends on the selection of the optical system and 
mainly on the sensitivity of the photoelectric circuit and on the stability of the components on which the indica- 
tions of the device depend [12, 13]. The connection between the photometric error and the error in the measure- 
ment of temperatures for the brightness method can be easily obtained from Wien's equation: 





as S% 
dl JCy (4) 











The procedure usually adopted in objective color pyrometers involves the direct measurement of the ratio of 
two brightnesses of two wavelengths [2, 12]. The photometric error of such devices is in effect an error of compa- 
rison of these two brightnesses, i.e., an error in the measurement of the red-blue ratio. 


Equation (1) can produce the connection between the measurement error of the red-blue ratio and the error 
in the determination of the color temperature: 








aT, _ 7? Aha 
A, 4% (5) 
a 7, Cy (Aa—Ay) 


The expressions (4) and (5) differ in factors depending on the selection of parts of the spectrum which are 
examined with the pyrometer. The relation between these factors makes possible setting up the requirements 


which the brightness and color pyrometers must meet with regard to instrument accuracy as far as the photometric 
errors are concerned, 


The quantitative consideration of these errors shows clearly the following. 


1. The effect of the photometric error upon the readings of a color pyrometer increases sharply when the 
spectral interval between the wavelengths of the parts of the spectrum being used decreases (see [14]). 


2. In the case of a color pyrometer which makes no use of the ultraviolet region of the spectrum the effect of 
the photometric error is always several times greater than in the case of a brightness pyrometer which operates in 
the red part of the spectrum, in particular if the departures from Wien's law in the infrared region (approximation 
of Rayleigh-Jeans) is takep into account. Therefore, the infrared rays offer substantial advantages, as far as the 
instrument accuracy is concerned, only when relatively low temperatures are measured, for example in the 800-900°C 
range [14]. The use of ultraviolet light is usually undesirable because of the great selective absorption of these 
rays by various objects and media. 


3. In the case of color pyrometers which use blue and red rays the effect of the photometric error is 2.5-3 
times greater than with brightness pyrometers, and when the green and red rays are used it is 5-6 times greater. 
In the latter case, in measuring temperatures of about 2000°K the error in measuring the ratio of brightness of 1% 
produces an error of 10° in the measurement of color temperatures. In the same conditions and with the same 
measurement error the error in measuring the brightness temperature is about 2°. 


Thus, the requirements concerning the instrument accuracy of the color pyrometer are always considerably 
higher than those of a brightness pyrometer has to meet. The difficulties encountered in the design of color pyro- 
meters [2, 12], which are caused by the complex nature of the physical phenomena on which the measurement is based 
(3, 7, 13], and by the high standard of the instrument accuracy required, are apparently the main obstacles which 
until recently prevented a wide use of color pyrometry. 


An increase in the width of each of the spectral ranges used by the color pyrometer has hardly any effect 
upon the requirements presented to the instrument accuracy of the device provided that these ranges do not greatly 
overlap [14]. For this reason it is useful to employ in pyrometers intended for industrial purposes, light filters 
with a wide transmission band, which increases the proportion of the effective emissive power. 





The effect of the spectral characteristics of the radiator. The correction which must be employed in 
changing from the color temperature of a body to its actual temperature can be calculated from (3) or from ° 
special nomograms [7] after the emissivities €, and €, are determined. It is easy to show that in this case the 
connection between the error made in determining these emissivities and the error of the measurement result 
is described by an equation similar to (5): 





aT. 7A, Ag 


= ° (6) 
a *cya,—a) 
2) 
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Therefore, as in the case of the photometric error, the error in determining the emissivity affects the results 
much more in the case of color measurements than in the case of brightness measurements. In the same way 
the irregular variations of these emissivities has an effect several times greater upon the color temperature than 
upon the brightness temperature. This is sometimes observed when alloying elements are added to a molten 
metal. For this reason the emissivities cannot be considered as being shown in advance. 


However, in many practical cases the changes in the emissivity of the hot body are such that their ratio 
for two wavelengths [see equation (3)] changes considerably less than the emissivities themselves. 


For example, the emissivity of an open surface of a solid body of any material depends, as we know, on 
the quality of finish of this surface. The tabulated values for metals are usually given for best, polished, surface 
finishes. 


In the first approximation it can be assumed that the emissivity of a rough surface g’ is related to the 
emissivity of a smooth surface 9 by the relation: 


Q’ = XQ, (7) 


where k is the form factor depending on the surface roughness and independent of the wavelength. 


From (3) and (7) we can obtain 


ae Gy (8) 
Ay Aa 


It should be emphasized that (8) is correct only when the condition (7) is fulfilled. 


Similar expressions for measuring the brightness temperatures are widely known. Their general form is: 





1 1 his 
—_— se — e 
s Ff & 
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aS _ _ Sh 
de Ce (10) 


The calculation carried out by means of this equation shows that for both brightness and color measure- 
ments the change of the roughness correction needed for the reduction to the actual temperature is small when 
the correction itself is small, and large when the correction is large, which can also be concluded from simple 
physical considerations. Therefore the reduction of the effect of surface machining upon the results of temper- 
ature measurement by using the methods of color pyrometry can only be achieved when the color temperature 
of the body being investigated is close to the actual temperature. 


With regard to radiation the solid oxides and carbides of metals are relaively close to the blackbody and their 
difference from a graybody can usually be ignored [15]. For most metals and in particular for steels, the correction 
to the color temperature which is needed for its transition to the actual temperature, is usually considerably smaller 
than in the case of brightness measurements. For this reason the application of the methods of color pyrometry to 
such bodies often practically eliminates the effect of the surface finish. 


The same picture can be seen in the case of a contaminated surface. For example, owing to its high 
refractive index the transparent film of molten oxides or salts which sometimes appears on the surface of the 
molten metal causes a reduction of the reflection factor of the metal surface for rays of all wavelengths. The 
correction needed for the transition from the color temperature is in this case bound to decrease as in the preceding 
case, which is in fact, sometimes observed in practice. 
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The difference between the actual and the measured color temperature of oxidized surfaces can often be 
ignored, which is usually not permissible in the case of brightness measurements [7]. 


Absorption of light. The absorption of light in the intermediate medium and in the optical parts has a 
different effect in brightness and color measurements. The nonselective absorption has, by the very definition 
of the color temperature, no effect upon the results of its measurement. For example, the use of the additional 
optical parts or clean observation windows in front of the color pyrometer has practically no effect upon its 
indications. However, selective absorption, like the selective change of emissivity, affects the color temper- 
ature several times more than the brightness temperature. The measurements of the color temperature should 
not, therefore, be carried out when smoke is present in the field of view of the pyrometer or when the optical 
parts are contaminated, unless the nonselectivity of their absorption is measured. In practice it is often obser- 


ved that the color temperature is greatly distorted by smoke appearing above the body, although it could easily 
be removed by blowing. 





The determination of the color temperature from two brightness temperatures. Finally, let us consider the 
determination of the color temperature of a body by measuring two brightness temperatures at different wavelengths 
and calculated by means of (2); this method is sometimes used for standard and some other laboratory measure- 


ments. In this case new error sources emerge in addition to those considered above. 





Equation (2) gives us readily: 


dT, _ TAAT.—S) 
di, SiAi(Ag—Ay) (11) 





It follows from (11) that an error of 0.02 y in determining the wavelength needed for equation (2) produces 
at S = 2000°K and T, ~S = 200°K an error of 30-50° when the measurements are made in the visible part of the 
spectrum. It is of particular importance to keep this fact in mind when a blue glass is used, which usually allows 
light from the red region to pass, as a result of which their effective wavelength is usually greatly dependent on 
the radiation being received. 


In addition, if the temperature of the radiator is not stable it can change during the period between two 
subsequent measurements of the brightness temperature. By again making the analogy with the effect of the se- 
lectivity of the emissivity, it is easy to see that the resulting error in the determination of the radiator color 
temperature is in this case several times greater than the actual change during the measurement. The same 
will be observed when, during two measurements, the pyrometer is focused on different points of the body's sur- 
face with a gradient of brightness between them. 


These additional errors of the method of determining the color temperature from two brightness support 
the fundamental advantages of the photoelectric color pyrometers which measure directly the blue-red ratio [2, 
13]. 


It should be pointed out that the Russian color pyrometers developed in recent years and described in tech- 
nical literature [3, 12, 13] show a high instrument accuracy. The design of these devices provides, as a rule, for 
the necessary flexibility in tests when they are installed at the place where the measurements are made, and are 
thus capable of ensuring a high accuracy of pyrometric measurements in operation and also a detailed study of 
the methods of color pyrometry in their various industrial applications. 


SUMMARY 


An examination of the sources of errors leads to the conclusion that in many instances the methods of color 
pytometry can improve the precision of industrial temperature measurements. This is the case in the measuring 
of the temperature of oxidized and other surfaces with a rough structure, of clean surfaces of many metals in 
different conditions, of components in closed furnaces (through windows, etc.), and in many other cases. Objective 
color pyrometers are particularly useful,for they have a high instrument accuracy and measure directly the red- 
blue ratio. However, in making the color measurements it should be remembered that the selective, especially 
the changing, emission or absorption produces an error which often exceeds the error of the brightness method. 
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D. L. ORSHANSKII 


(ON HIS 60TH BIRTHDAY) 


In September 1958 engineer Dmitrii L'vovich Orshanskii celebrated his 60th birthday and the 30th anni- 
versary of his work in the field of instrument engineering. 


From 1932 he directed, at the Leningrad Institute of Pyrometry, the development of the main types of 
industrial thermocouples, resistance thermometers, millivoltmeters and instruments for measuring the current 
ratio, radiation and optical pyrometers, etc. 


In 1936 D. L. Orshanskii was appointed Chief Engineer of the Leningrad "Teplopribor” plant which developed 
and manufactured all types of gas analyzers, calorimeters, gasoline meters, etc. 


From 1937 to 1946 Dmitrii L'vovich worked at the Institute of Automation and Remote Control at the 
Acad. of Sci. of the USSR on problems of electrical pyrometry, remote measurements, and the systematization of 
measuring devices. 


In 1946 D. L. Orshanskii returned to industry, and until 1957 was in charge of the Scientific Research Depart- 
ment of the GS OKB. The work of D. L. Orshanskii and his collaborators produced a number of new thermoelectric 
pyrometers and resistance thermometers; and also radiation, optical and color pyrometers which, with regard to 
their properties, and in particular to their low inertia, were considerably better than the devices made hitherto. 


Since 1957 D. L. Orshanskii has worked at the GSKB on the design of analyzing equipment. 


Dmitrii L'vovich devoted much time and energy to the training of personnel. He delivered at the Leningrad 
Polytechnical Institute, for the first time in the USSR, a series of lectures entitled "Electrical Measurements of 
Nonelectric Quantities.” 
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D. L. Orshanskii made a big contribution to the general standardization of electric measuring devices. 


Dmitrii L'vovich took an active part in the organization of the Leningrad Branch of the Scientific 
Technical Society of the Instrument Industry and for the past 10 years actively participated in its work. 


The publications of D. L. Orshanskii total over 80 papers. These publications are very popular,not only in the 


Russian industry but also abroad, in the countries of the people's democracy, where he repeatedly addressed scien- 
tific conferences. 


As one of the oldest workers in the Russian instrument industry D. L. Orshanskii has received four awards from 
the Government. We wish him the best of health and strength for his further productive work. 


Leningrad Branch of the Scientific Technical 
Society of the Instrument Industry 
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ELECTRICAL MEASUREMENTS 


MEASURING INSTRUMENTS WITH MAGNETIC BRIDGES 


N. F. Suvid 


Meters based on the principle of the magnetic bridge have not yet become wide-spread in the practice 
of instrument construction; reference data about meters of this type are also absent. Similar meters were developed 
and investigated in the measuring apparatus laboratory of the Kiev polytechnic institute. The results obtained and 
testimonials give evidence about the many merits of these devices. 


The magnetic bridge is identical in principle of action to the four-arm direct current bridge whose power 
source I is replaced by a source of magneto-motive force — the permanent magnet M (Fig. 1). The resistances of 
the bridge arms rq, rg, Ig, tg are replaced by the reluctances Ry, Re, Rg, Rg, which the magnetic flux of the magnet 
M overcomes in the air gaps 53, 52, 53, 54. The points c and d of the measuring diagonal of the direct current 
bridge will be found on the magnetic circuits C and D of the magnetic bridge. The reluctance Rg in the air gap 
5a between the magnetic circuits C and D and the core 1 in the magnetic bridge corresponds to the resistance of 
the galvanometer G in the measuring diagonal of the direct current bridge. 


The balance condition of the direct current bridge is 


ry ‘3 

r lM; . 
and by analogy takes the form 

Ri _ R 

R, R, 


in the magnetic bridge. 


The magnetic flux between the magnetic circuits C and D is equal to zero at the time of balance of the 
magnetic bridge. 


Upon change of the reluctance of one of the gaps, for example Ry, the state of balance of the magnetic 
bridge is disturbed, which causes the appearance of the magnetic flux $5 between the magnetic circuits C and 
D. The flux 5 will be closed through the core 1 and is changed from zero at balance of the bridge to some 
value depending on the degree of unbalance of the magnetic bridge. The flux $5 is directed perpendicular to the 
flux of the basic magnet M, which is closed through the air gaps 5, 59, 5g, 5. 


The core 1 is made of soft magnetic material, is magnetized diametrically and is fastened to the moving 
axis together with the pointer of the indicator. 


The magnet 1 is surrounded by a cylindrical copper ring 2 for increasing the damping of the moving 
system. 


A constant magnitude fleld @, of the magnet M is also placed, on the moving magnet-core 1, through 
screws 3 and 4 made of soft magnetic material. 
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The function of @ 1s to create together with the changing flux 6 a resultant flux @,., along whose 
direction the moving magnet 1 will be aligned. The value of @res for different values of @§ may be changed 
from reg =, at 5 = 0 tO Ses ™ 5 which leads to a corresponding change of the magnet 1. 


The flux 5, like the unbalance voltage in the measuring diagonal of a direct current bridge, changes 
to the opposite sign upon transition through the balance point. As a result, the flux @,., can change direction 
from an angle equal to zero to an angle near to 180°. In this manner, a change of flux in one of the gaps as 
a result of a change of its reluctance leads to a change of flux between the magnetic circuits C and D, which, 


together with the constant flux @, creates a resultant flux $e, along whose position the moving magnet with the 
pointer aligns. 


By appropriate choice of the magnitude ¢, we can obtain a large angle of change of €,¢, from a rela- 
tively insignificant change of the air gap in the arm of the magnetic bridge, and consequently, a significant 


rotation of the moving system, thanks to which a device like this can be considered as a transmission link with 
a large transmission ratio. 


When it is necessary to change the scale characteristic, an opposing spring at the moving system can be 
used for creating an opposing moment My. In this case the position of the moving system will be determined 
not by the position of the resultant flux @,¢, but by the equalizing of the moments Mx and the turning moment 
M;, which arises from the mutual action of 5 and the magnetic flux of the moving magnet 1. 


The change of position of the movable system depending on the change of reluctance of one of the arms 


(or two, if the change of the reluctances is different in sign) can be used for the construction of a series of devices 
for practical use. 


The shape of the magnetic circuits, depending on the function of the measurer, is selected in such a way 
that it is possible to change the reluctance in one or simultaneously in two air gaps without changing the 
reluctance of the remaining arms. Thus, for measurements of the thicknesses of nonferromagnetic materials or 
coatings on a ferromagnetic base, as is seen in Fig. 2, the magnetic circuits B and D (Fig. 1) have an extended 
shape which insures the change of reluctance of only one of the air gaps. Other forms of magnetic curcults are 
possible depending on the exact use of the meter described. 






































Fig. 1. 


Other solutions of the moving system are possible, for example, one can place a coil with a winding 
through which flows a direct current of unchanged magnitude in place of the moving magnet, and for an opposing 
moment, use moment springs. 


Such a moving system differs in no way in construction from a permanent magnet moving coil instrument, 
but the conditions of their operation are different. In a permanent magnet moving coil instrument the moving 
system is found in a constant magnetic flux and is deflected proportional to the current passing through the coil. 


41 





mg -cm 


300 





200 


100 








100 

















Fig. 3. 
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Fig. 4 In a magnetic bridge a current constant in magnitude pas- 
e ses through the coil, but the flux in the air gap is 


changed. Magnetic meters with a moving coil have, 
as tests of models show, significantly higher sensitivity which permits one to make a device for measurement of 


shifts of the order of 0 to 10, ona 90° scale. Meters with such sensitivity can find use, for example, in the 


preparation of devices which measure the purity of a surface. However, control of the force and continuity of 
current passing through the coil is necessary in such cases. 


Magnetic bridges themselves can either be balanced or unbalanced. They can also be constructed in such 
a manner that the balance point is found at a definite part of the scale, that is, as devices of the percentage 
bridge type for determining the deviation of the measured magnitude from nominal. 


A distinct feature of the devices with a magnetic bridge described is that no power supplies, which often 
are sources of additional measurement errors, are necessary for their operation. 


The dimensions of the devices are determined basically by the dimensions of the indicating apparatus, but 


the weight of the device of the material and construction of the body, since the inherent weight of the magnetic 
bridge elements does not exceed 75-100 g. 
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Measurements of Thicknesses. The principle of operation of the magnetic bridge presented is used for the 
preparation of devices for measurements of thicknesses or coatings made of nonferromagnetic materials. 





An extended shape is given to the magnetic circuits B and D so that the reluctance (conductance) will be 


changed only in one arm. The displacement of the magnetic circuits to the center gives a finished form to the 
device (Fig. 2). 


The bridge is balanced to zero for a gap 54 between the magnetic circuits B and D and the shorting plate. 


A shorting plate made of ferromagnetic material is necessary for a measurement of the thickness of the 


material. The ferromagnetic base on which the coating is laid may itself serve as the shorting plate for measure- 
ment of the thickness of the coating on ferromagnetic materials. 


The constant flux $, is created by the leakage flux of the magnet between the magnetic circuits A and 


B in the space between magnetic circuits C and D, which is possible for some magnitude of gap between them, and 
for their length. 


In the construction prepared by us the moving core 1 is pressed, and its length and diameter are equal to 
6 mm. It is fastened together with the pointer to a steel shaft whose ends are pointed like the pivots of meters. 
The shaft turns in bearings from a permanent magnet moving coil meter. An Alnico magnet from an induction 
damper used in measuring instruments in many instrument construction factories was used as a magnet. The 
dimensions of the magnet are 11 X 16 xX 19mm. The body of the instrument was made of laminated plastic. 


The instrument maintained constancy of indications and null stability for more than a year. 
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poe Curves of moments acting on the moving system for 
various magnitudes of the gap 54 are shown in Fig. 3. The 


Fig. 6. scale characteristic of this instrument is shown in Fig. 4. 


The areas of the magnetic circuits B and D, through which the magnetic flux is closed through the thick- 
ness of the material being measured, are more developed in another construction of the magnetic bridge for a 
device of analogous function; this permits one to build a device for measuring not from zero, as in the preceding 
construction, but in the narrow limit of 60-to 80 on 75% of the scale. The magnet M is taken from a milli- 
voltmeter from the "Kiev" photographic apparatus. 


Constructions of the magnetic circuit were also built and tested which differed in that the magnetic cir- 
cuit D has its ends in the opening of the magnetic circuit B. Such a construction is more complex in preparation, 
but has the advantage that in the use of the instrument greater stability of the relative position of the contacting 
surfaces of the magnetic circuits is preserved. A sensitivity of 30 1 on a 90° scale with a scale nonuniformity 
coefficient of 2.5 was obtained in the model prepared. 








Measurement of Linear Movements and Stresses. The construction of a magnetic bridge in a meter inten- 
ded for these measurements (Fig. 5) differs from those described above in the presence of moving cores 4, 5, firmly 
connected to each other by the steel shaft 3. Both cores are held in the initial position by springs 6 and 7, which 
bend, thanks to the movement acting on shaft 3, so that core 5, moving, increases the reluctance of air gap 54, 
but core 4, on the contrary, decreases the reluctance in gap 4 3. 





The following data about the relation between the angle of rotation of the moving system and the linear 
movement I were obtained on a model prepared according to the plan described above: 0°-0 uw; 25°-100 yu; 
50°-200 u; 75°-300 and 100°-490 y. 


The apparatus for measurement of linear movements described differs advantageously from others (for 
example, mechanical micrometers) in that there are no inseparable mechanical bonds between the indicator and 
the moving link, which lead to breakage and premature wear of the parts under sharp blows. 


Another method of construction of the moving elements of a magnetic bridge in a linear movement meter 
is shown in Fig. 6. In this construction, the magnetic circuits C and D are movable, each being fastened to its 
own pair of springs. The springs 3 serve for fastening the magnetic circuit C, and the springs 4— the magnetic 
circuit D. Error due to unbalance of the moving magnetic circuits is removed thanks to such a solution. 


By proper choice of the stiffness of the springs, one can compute that both cores will move parallel in a 
change of position in the space around the shaft under the action of their inherent weight, thanks to which the 
balance condition of the bridge will not be disturbed. 


The meter described can be used for measurement of stresses for which an elastic post-action of the spring 
is used. Demands on them are higher in this use, since the error in the measurements will be determined basically 
by the constants of their physical properties. 


A dynamometer was prepared according to the plan described above, whose calibration data are shown 
in Fig. 7. 


Experiments were conducted by us concerning the use of meters with magnetic bridges for other cases, 
including the determination of the purity of treatment of steel parts with flat surfaces. The dependence of the 
meter indications on the magnitude of the micro~irregularities of the treated surface was established for this. 
Thus, one can measure the purity of treatment from the 1st to 8th class respectively with the apparatus described 
for measurement of the thickness of coatings. 


The dependence of the indications of the apparatus on the purity of treatment can be used for construction 
of profilometers, convenient for operation in factory conditions applicable to the individual types of treatment. 


Proper construction of the elements of the magnetic bridge applicable to the given measurements is neces- 
sary for extending the limits of the measurements. 


The list presented does not include all possible cases of the use of magnetic bridge meters. One must expect 
that even other construction of magnetic bridge devices will be developed which will permit the extending of their 
use in different areas of measurement, especially in areas of the measurement of nonelectrical magnitudes. 


ERROR OF THE MEASUREMENT OF THE INTENSITY OF A 
MAGNETIC FIELD BY THE METHOD OF NUCLEAR MAGNETIC 
RESONANCE 


A. V. Kubarev 


The method of nuclear magnetic resonance finds wide use for the measurement of the intensity of a 
constant magnetic field with high precision. It is sufficient to point out that the results achieved now permit 








one to raise the question about transfer to a new testing plan of magnetic measurements whose basis will be the 
value of the gyromagnetic ratio of the proton and the method of nuclear resonance. 


The analysis of the errors of the method and corresponding measuring apparatus arouses interest. The 
presence of nonuniformities of the field being measured and the measuring circuit with narrow band amplification 
of the resonant signal, analogous to that described in [1], are taken into account in the analysis. 


The most substantial systematic errors in observations of nuclear magnetic resonance are caused by; the 
screening action of the orbital electrons in the atoms of the sample (diamagnetic correction); the influence of 
the shield of the coil with the sample on the magnitude of the intensity of the field acting on the nucleus; the 
screening action of the local fields of paramagnetic ions in the sample; the displacement of the resonance position 
depending on the amplitude of the modulation of the field being measured; the averaging of the field being 
measured along the length of the sample. However all these error except the last have meaning only for absolute 
measurements of field intensity and are completely excluded for relative measurements, Analysis shows that the 
relative magnitude of each of these errors does not exceed (1/3)- 107° under normal conditions. The last, fifth, 


error depends on the form of the distribution function of the fleld being measured and therefore will have its own 
magnitude for each field. 


The error caused by averaging the field arises as a consequence of the nonlinearity of the distribution 
function of the magnetic field being measured and the finiteness of the linear dimensions of the sample. 


The measured value of the field corresponds to the field at the center of the sample, for a linear distribution 
function. Ordinarily the distribution function is nonlinear, so that its form can be most varied. 


The measured value of field intensity Hop will correspond to the expression 


Hy+H(h) 
y= (1) 


where Hy is the field intensity corresponding to one edge of the sample H(I;) is the field intensity corresponding to 
the other edge of the sample. 


The value of the field intensity which corresponds to the center of the sample will be: 


H=H (>) =Hyq ey. (2) 


where g(1,) is the field distribution function. 
The error caused by averaging the field will be 


AH He _ As " (+)] 
. => !0(4) \9)) (3) 


Since the sample is small, one can with sufficient precision put the field distribution function, for example, 
in the form: 
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In this case we have a = 0.02 and = 2-107 for a nonuniformity of 2% in 1 cm and a sample length 
1,;=0,2cm. The analysis of the random errors of the method and apparatus is of significant interest. 


An evaluation of the error caused by the finite width of the resonant line in the presence of significant non- 
uniformity of the field H can be obtained from the equation of the resonant curve of nuclear absorption. For this 
case one must consider that only amplitude changes of the signal take place near the resonance point, for narrow 
band amplification. The equation of the resonance curve takes the form: 


(H,—HY 
6 
L=Us (6) 
where o is the half-width of the resonant curve at the level U = Uy 
We obtain 
(He—HY (ann 2 
o 
. mp Hie (7) 


for the ratio of the amplitudes of the signal upon detuning from the resonant value. Hence the measurement 
error of the field will be: 
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The null method of establishing the resonant 
point from the dispersion curve insures far less error. 
Narrow band amplification of the resonant signal 


permits one to observe directly the dispersion curve corresponding to that produced from the absorption curve, 
if the modulation frequency corresponds to the resonant frequency of the amplifier. In this case resonance takes 
place with the highest "Q” and the precision of the measurements increases. 


As an analogous form for the error caused by finite width of the resonant line in measurements by the null 
method we have: 
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where ho is the amplitude of the modulating field, which does not exceed that permissible for undistorted repro- 
duction of the dispersion curve, U4 is the absolute error of the measurement of the voltage level which is deter- 


mined by the sensitivity of the indicator, taking into account the noise level of the circuit, U, is the amplitude of 
the first harmonic of the absorption signal. 


Under the conditions examined in the first case,and hy ~ 0.2 , Uj ~ 1 v we have, in this case, a ~ 2-10°5, 


In practice, the total measurement error of nonuniform fields is somewhat greater, which is explained, in the 
first place, by the diminution of the amplitude of the resonant signal for small modulation in the nonuniform field. 
Experimental results of the determination of measurement error for significant field nonuniformity are presented in 


Table 1. Establishment of the resonance point is accomplished by the null method; the frequency is measured with 
an error in the order of 2° 107°. 


The influence of the measurement error of the resonant frequency is evaluated from the resonant condition 
by the law of addition of average errors. We have for this error 


Ti rh (10) 


Therefore it is desirable that in practice the measurement error of the frequency be approximately 3 times 
less than the given error of measurement of the field. 


The error caused by the fluctuations of the resonant signal has a substantial value, which follows from 
theoretical considerations [4] and is confirmed by the results of investigations. 


ao 
with a spectral noise density Vf. at comparatively small magnitude of useful signal, it is possible to obtain the 
de pendence: 


OV 
Considering the measuring circuit as an amplitude discriminator with a slope m= (“—) _— and 


i hs 
ic 4tm? * (11) 


for the mean square error of determination of the resonant frequency, where T is the time constant of the meter 
measuring the voltage at the output of the measuring circuit. 


The conclusion of the expedience in using a resonance indicator with a sufficiently large time constant, 
in particular, a pointer indicator, follows from the last expression. 


The conclusions drawn are confirmed by experimental results. Upon increasing the limiting level of the 
amplitude discriminator up to a value near to the amplitude of the resonant signal, the mean square error of a 
series of measurements almost doubles. 


The raising of the signal stability by eliminating the broad band pre-amplifier, and the use of an indicator 
with a large time constant lead to a diminution of the mean square error of a series of measurements. Thus, if in 
observations of the resonant signal on the screen of an oscilloscope the mean square error is 1- 1074 using a broad 
band amplifier, then in observations of resonance with a vacuum tube voltmeter, it will be + 1075, other condi- 
tions being the same, and by eliminating the wide band amplifier, it will decrease to 3-10 . 


The use of the null method for observations leads to a diminution of the random error to 1- 1075, 


The results of three series of measurements of an unchanged value of field are shown in Table 2. The non- 
uniformity of the field does not exceed 0.1-0.2% in 1 cm from the value of the field; the frequency is measured 
with an error of 10°® with a special interpolating generator; the vacuum tube voltmeter LV-9 serves as an indi- 
cator which is connected through isolating cathode followers at the output of the narrow band filter. 
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TABLE 2 It is evident that the values of 0 obtained 
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PHOTOCOMPENSATED STABILIZED RECTIFIER 


S. G. Rabinovich and A. N. Tkachenko 


The type U1136 photocompensated stabilized rectifier, intended for the powering of permanent magnet 
moving coil meters in testing them with the aid of a potentiometer, was developed in the "Vibrator" factory from 
a circuit described in [1] and published in 1957. 


FS-K7 photoresistors made of cadmium sulfide are used as light sensitive elements in the amplifier of the 
stabilizer. 


Three knobs from the output voltage regulating rheostats, the range selector switch, toggle switches for 
turning on the power and disconnecting the load, and the control voltmeter are brought out on the front panel 
(see figure); binding posts for connecting the load and power line are situated on the back panel. 


The device has eight output voltage ranges: 3-7.5-15-30-75-150-300-450 v. The load current can reach: 
300 ma in the ranges 3-7.5-15-30-75 v; 150 ma in the ranges 150-300 v and 30 ma in the 450 volt range. The 
smoothness of adjustment of the output voltage reaches 0.01% from zero to maximum on any range in practice. 
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The stabilizer insures stability of the output volt- 
age no worse than 0.01-0.02% per hour for a power line 
variation of +10%, the effective value of the ripple 
components at the putput does not exceed 2% on the 3-7.5- 
15 v ranges and 1% on the remaining ranges. Powering of 
the device is done from a 127/220 v line; it can operate 
2-3 minutes after turning on. The stabilizer works on an 
ordinary table without any shock mounts. The dimensions 
of the apparatus are 495 x 275 x 305 mm, the weight 
20 kg. 





SUMMARY 


The type U1136 photocompensated stabilized 
rectifier can be used instead of storage batteries of cor- 
responding capacity and voltage (together with control rheostats) for powering permanent magnet moving coil 
meters in testing them with the aid of potentiometers, and also in other cases where a highly stable continuously 


controlled DC voltage is essential. 
LITERATURE CITED 
[1] C. G. Rabinovich, lzmeritel'naya tekhnika, 1957, No. 1. 


CIRCUIT FOR THE MEASUREMENT OF THE VOLUME RESISTANCE 
OF AN ELECTRICAL INSULATOR 


A. D. Kudakov 


Megohmmeters and ohmmeters are used for measurements of the resistance of an insulator or the investi- 
gation of its properties; with the aid of these, ordinarily the total resistance R,, incinding the volume Ry and sur- 


face R, resistance of the insulator, is measured. In practice, it is most important to know the magnitude R,, since 
it determines the state and properties of the insulator. 


In measurement of the resistance of an insulator by the ordinary megohmmeter or ohmmeter, R, and Ry are 
connected in parallel and, consequently, the indication of the meter corresponds to the magnitude 


Rs; Ry 
RgtRy 


c= 


The measurement error of Ry in this case is equal to 








Rs; Ry 
Po—Re nike << 
4 =————.- 100 6 == s*P__ .100%. 
Ry Ry 
Denoting = = k, we obtain: 
v 
b= - %. 
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Fig. 1. Bridge circuit for measurement of the volume 
resistance of an insulator. R, and Rg) arms of the 
bridge; 1) metal guard rings; 2) guard ring; case of 
the electric motor, etc.; 3, 4, 5) microammeters; 

6) insulator being tested; 7) conductor; I, and ly are 
currents passing through the surface and volume of 
the insulator. 


The circuits presented in the article permit one 
to measure the resistance of the insulator with signi- 
ficantly less error. 


The following three conditions are possible in 
measurements of the volume resistance of an insu- 
lator: 

R,>Ry. Re<RyoandRsERy. 


In all these cases,the measurement can be made with 
the aid of a bridge circuit (Fig. 1). 


Measurement of the volume resistance with this 
circuit is done in the following manner. The bridge 
is balanced by a change of the resistance R,; when 
balanced, ly = 0. Then for a given power supply 
voltage of the bridge U, the value of the current I; 
measured by meter 4 determines the volume resistance 
of the insulator: 


R,=——Ryj. (2) 


If Rg << Ry, then one can show in measuring it is necessary to diminish the resistance R, to such a value that 
the current I, will be excessively large. Then a measurement can be made even if the bridge is not brought to a 
state of complete balance. In this case the volume resistance of the insulator is determined from the formula 


R, = 


U—I,Ra 


(3) 


One microammeter can be used instead of three by switching an appropriate selector switch, and doing the 


necessary operations successively. 


Analogous measurements can be made also with the aid of the circuit shown in Fig. 2a, which is redrawn in 


a more convenient form in Fig. 2b. 


In the measurement of the volume resistance of an insulator with the aid of the circuit of Fig. 2, the indi- 
cation is read directly from the scale of the device after balancing the bridge. 


In the measurement of volume resistance of an insulator in the case where R, = Ry, the selector switch P is 
put in position 1 (Fig. 2a); when this is done contacts (Fig. 2b) 1, 3, 4, 6 are closed, and contacts 2, 5, 7 remain 
open, that is, working coil 2 is disconnected and the complementary coil 3 is connected, resistance Rg, is short- 
circuited and resistances ra. Rnp: Ra,: Rg and R, remain connected. The current ly in coli 3 is brought to zero 
by a change of the resistance R,, and the bridge becomes balanced. Current ly is controlled from the scale of the 
instrument. At ly = 0 the pointer of the instrument should stop at the “Infinity” mark, which corresponds to a 
current in coil 3 equal to zero (in this case only coils 1 and 3 act, since coil 2 is disconnected). 


When L,, = 0, the selector switch P is put in position 2, when this is done 2, 3, 4, 6 will be closed and 
contacts 1, 5, 7 open, that is, resistance ra is disconnected and coil 2 is connected, everything else remaining 


as before. 


Since the current I, = 0 in coil 3, the same current flows through coil 2 as through resistance Ry. Then the 
pointer of the instrument stops at the mark corresponding to the resistance Ry. 


In the case of measurement of the total resistance of the insulator, the selector switch P is put in position 
3, when contacts 1, 4, 6, 7 are open and contacts 2, 3, 5 are closed, that is, binding posts E and L are short- 
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circuited, and resistances Rg, Ry. Rd,, RQ,, 19 and coil 3 are disconnected. When this is done the instrument will 


operate as an ordinary megohmmeter. 

















Fig. 2. a) Circuit for measurement of the volume 


resistance of an insulator with a two-coil magneto- 
electric ratiometer: B) binding post connected to 
ground or to the body of the electrical equipment 
being tested; L) binding post connected to the cur- 
rent carrying part of the electrical equipment whose 
volume resistance is being measured; E) binding 
post, connected to guard rings placed on the sur- 
face of the insulator at the ends of the current con~- 
ductor being tested; 1) coil which creates an 
opposing moment; 2) working coil; 3) complemen- 
tary coil; R,) resistance intended for setting a cur- 
rent equal to zero in coil 3; P) selector switch; K) 
push button for connecting the circuit in measure- 
ments of the magnitude R, only; b) the same cir- 
cult in a more convenient form. 


It is seen from Fig. 2 that with selector switch P 
in position 3 the instrument measures the resistance R, 
upon pushing push button K. With the selector switch 
P in position 4, the instrument does not operate. 


In the case of measurement of the resistance Ry 
for Rg < Ry the selector switch P is put in position 5 
when resistances RQ ,, Ra,, Ry and coil 3 are connected 
while resistance RO and coil 2 are disconnected, When 
this is done current I, in coil 3 is brought to zero by a 
change of the resistance Ry after which selector switch 
P is put in position 6, when contacts 1, 3, 5 are opened 
and contacts 2, 4, 6, 7 are closed. The indication of 
the instrument corresponds to resistance Ry. 


In the case of measurement of the resistance Ry 
for Rg << Ry it can be shown that one cannot bring the 
current I, to zero by a change of the resistance R,. 
This causes an error which will be the greater, the less 


the ratio R,/Ry. 


However in measurements with the aid of the 
circuits of Figs. 1 and 2 the error in the measurement 
of Ry caused by the shunting action of resistance R, will 
be less than in measurements with an ordinary megohm- 
meter. 


The advantage of the circuits described can be 
shown by calculation. 


The error in measurements with the circuit of 
Fig. 2 in the case where the bridge is not balanced 
depends on the values of the resistances of the circuit, 
the voltage U of the generator, ratios Rs/Ry and I,/ly, 
where I, is the current in coil 1. 


Coil 3 was provided for the utmost decrease of 
error in measurements in the case R, << Ry; its action 
is directed opposite to that of coil 2 through which a 
current flows bigger than I, which corresponds to the 
volume resistance of the insulator. 
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MEASUREMENT OF THE PARAMETERS OF AN ALTERNATING 
CURRENT CIRCUIT WITH THE AID OF AN OSCILLOSCOPE 


K. P. Mikhailovskaya 


One can determine the parameters of an alternating current circuit with the aid of an oscilloscope without 
taking into account the sensitivity of the oscilloscope. It is only necessary that it be possible toset a voltage in 
the circuit being investigated which will cause sufficient deflection of the oscilloscope beam. 


A reference resistance is connected in series with the part of the electrical circuit whose parameters must 
be measured. The circuit thus obtained is connected to a source of voltage and two phase shift angles are measured 
with the oscilloscope (see figure): 


Angle a— between the voltage on the terminals of the circuit and 
the voltage of the reference resistance rp; 


cf) 0 








Angle g — between the voltage on the terminals of the circuit and 
the voltage on the part being investigated. 





The voltage acting on the terminals of the circuit is put on one 
input of the oscilloscope and the voltage on the reference resistance (for 
measuring angle a) or the voltage on the part being investigated (for 
measuring angle g) is put on the other for measuring these angles. 


As is known, it is not necessary to know the sensitivity of the oscil- 
loscope in determination of phase shift angles. 


On the figure are designated: 








Zy ~ modulus of the impedance of the part being investigated; 
I — modulus of the current in the circuit; 

V — modulus of the voltage on the terminals of the circuit ; 
V, — modulus of the voltage on the reference resistance; 

Vx — modulus of the voltage on the part being investigated; 

?, — phase shift angle between the current and voltage on the part being investigated. 


The modulus of the impedance of the part being investigated and the modulus of the current are equal to: 


V 
Z3> _ (1) 
ial 
ars (2) 
Whence 
Ve 
t= Toy (3) 
According to the law of sines, from the triangle OAB: 
Vv, sina 
Vo sin’ (4) 


On the basis of (3) and (4) 
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sin Bp (5) 





3,79 


From the vector diagram it is seen that 


*s=0-+B. (6) 


In this manner, knowing resistance r, and having measured angles a and g, one can determine the modulus 
and argument of the impedance of the part of the circuit being investigated from (5) and (6). 


The vector diagram considered was made for the case when the part being investigated contains resistance 


and capacity. Analysis of appropriate vector diagrams shows that we can use the method presented in the general 
case, 


Not only a resistance, but a purely capacitive or purely inductive reactance can be used as a reference. 


Corresponding expressions for the parameters of the part of the circuit being tested are not difficult to 
obtain. 


The method presented is very simple and differs advantageously from unknown methods of measurement with 
the aid of an oscilloscope in that a determination of the sensitivity of the oscilloscope is not required. 


SENSITIVITY AND PRECISION OF THE PHASE METERS OF A 
FERRODYNAMIC SYSTEM 


A. F. Kotyuk 


Electromechanical phase meters are used in the follower systems of a servo-mechanism for measurements 
of small phase angles in measurements of nonelectrical magnitudes by electrical methods, etc. However, 
investigations of the dependence of sensitivity and accuracy of such devices upon their construction parameters 
and various external factors are absent in the literature. 


The present work is dedicated to an examination of the typical construction of a two-coil ferrodynamic 
phase meter, depicted in Fig. 1. 


As is known, the condition of balance of the moving 
part of a ratiometer of the type shown in Fig. 1 is: 





B,lu,S,;Wu,cosy, + Bylu,S,Wa,c0sy,=0, (1) 





where B is the induction in the gap at the location of the 
coil; 1, is the current in thecoil; _§ is the cross- 
sectional area of the coil; w,, is the number of turns 
of the coil; and y is the phase shift angle between 
the vectors of induction B and the current in the coil 

iy — respectively for both coils. 























Fig. 1. Phase meter of a ferrodynamic system. 


t 
(Measuring mechanism and circuit diagram). DRG NY Ie SO ee 


g=0 and letting k=/y,S,;Wa,=1a,S,Wu,, we obtain 


By £08 (Vin + 9) 


= : 2 
B, COS (Y20+) (2) 
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where ¢ is the phase shift between the voltage U and current I, in which the sign of y is determined by the nature 
of the load Z. 


B. cos (Yi0+ 9) B, cos (y;9+ @) 
Equation (2) is satisfied by the conditions —* >0 *and———— <0 op —+~-<0 & ——“ 0. 
y B, COS (Yoo) " B; Se cos (Y20+) “ 


The possible variations of the mutual position of vectors 6 and & for both coils are shown in Fig. 2, from 
which it follows that variations 5, 6, 7, 8, 13, 14, 15, 16 are obtained from variations 1, 2, 3, 4, 9, 10, 11, 12 by 
a 180° rotation of all vectors,and therefore do not arouse independent interest. 


The choice of the optimum of the remaining 


’ / " 2 — 5 4 variations of Fig. 2 and the optimum values of the 
& oT yr toy £ sh angles Yy) and y,, is simply and graphically done by 
B, Bs, 6, iE. s, &, 6, the use of a general method presented by V. N. Milsh- 
i wee me 9 g “lu, tein. According to this method the change of position 
Us al ES ‘ ) t, (ug of the moving part of the ratiometer relative to the 
8, 8 % oe . oe “a ‘> position of balance occurs as a result of the origin of a 
9 Wy py, 71M 0 nite fa My W2 supplementary electromechanical moment caused by 
Si ; wt me supplementary currents passing through the coils of 
° Py 4, 7, Paes 5, 4 iG & the ratiometer when the magnitude being measured 
My XX hey is > ™ i My M Be F —— 
4, 8, 8, 6 4, 6, 8, 8, With this aim we examine one of the variations 
oe “e {uy of Fig. 2. 


Rotation of the vector I by an angle ¢ on the 
vector diagram corresponds to the appearance of a 
phase difference between U andi, However, it is 
more convenient to rotate the vectors of currents ly 
and ly in the opposite direction, leaving the patdan 
of vector I unchanged, as is shown in Fig. 3, in which 
a vector diagram for three modes of operation are depicted: continuous lines— for gy = 0, dotted—forg > 0, 
dot-dash — for g < 0. 


Fig. 2. Possible variations of the mutual position of 
the induction vectors in the gap and the currents in 
the coils, which insure satisfaction of the balance 
condition on the moving part. 


The supplementary currents Aly, and Aly arising in this case caused additional moments AM, and AM, 
proportional to the projections of the supplementary currents on the direction of vectors B. The sensitivity of 
the apparatus, which is determined by its stability in relation to the parasitic moments, is proportional to the 
ratio 


AM,+4M, 
C) 


Therefore, those variations of Fig. 2 are optimum in which the additional moments in both coils have 
identical sign and the angles yy and Yg9 are as near to 90 or 270° as possible. 


Under these considerations, it is logical to select variations for which vectors ly and ly are located in 
adjacent quadrants when B,/B; > 0 (variations 1 and 2), and in different quadrants when B,/B, < 0 (variations 11 
and 12). 


Comparing variations 1 and 2 with variations 11 and 12, we note that variations 11 and 12 are obtained from 
variations 1 and 2 by a rotation of vector B, and current ly, by 180°, and variation 2 is obtained from variation 1 by a 
rotation of vectors ly, and iy, by 180°. 


Consequently, without limiting the field of discussion, we can consider variation 1. 
The final analysis will be done considering the following circumstances: 
1) measurement of the phase difference takes place at gy, ™0; 


2) the null position of the moving part (a = 0) corresponds to ¢ = 0; 








y a 








3) the scale is uniform, that is a/a,, = 
= 9/¥%mi 


4) the coils move in unconnected gaps x; 
and X; 

5) the analysis of the basic relations in the 
phase meter for a narrow range of measurements 


is significantly simplified if the angles 74. and 79, 
are related by the dependence 79) = 180° ~7 4. 


Under these conditions, it appears that a 
Fig. 3.Vector diagram of the phase meter. magnetic system with one configuration of gaps 


can be used for making phase meters with different 
limits of measurement. 





Considering the above, we obtain: Ry _ 698 (Yint@) [y> 0 for an inductive load, g < 0 for a capa- 
By cos (¥w—) 
citive load]. 





It follows from these relations that a change of load character requires a change of gap configuration of the 
magnetic system. 


However, analysis shows that by using variation 1 Fig. 2 for inductive and variation 5 for capacitive nature 
of Z, the range of the ratios B,/B, remains identical for the same measurement limit, that is, the gap configuration 
remains unchanged, but the balance condition for any Z has the form: 


B, _ cos (Y¥:0+@) 
B, = co8 (¥10—) 





(3) 


where ¢ is the absolute magnitude of the phase difference measured. In this case the balance of the moving 
part is stable for steady-state deflection in both cases. 


It follows from (3) that for g = 0 the gaps are identical, but for g = ¢,, the ratio of the gaps is 


that is 


COS (Y;0o—Pm) ‘ 
cos (Yi0+ Gm) (4) 





Q= 


It will be understood that the choice of Q is limited by considerations of construction. 


We find from (4) the relation between 7 and Q for different ¢,,: 


Q-—1 1 
Q+l {9m 





(2 Vio= (5) 


Curves of the dependence of Yj) on Q are shown in Fig. 4 for several values of ¢__.. 


The limiting sensitivity of the apparatus is primarily limited by the error yp which arises because of the 
influence of the parasitic mechanical moment M,. 


The moving part of the apparatus is deflected under the influence of My by an angle a, = ¢{a,,/¢,,) 
corresponding to the balancing of the moment Mp by a transient moment M, = M,'a, which arises, where M..’ 
is the specific transient moment. 
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We obtain an expression for absolute error: 











i) “ 
90 0.2 - (6) 
Mam 
70 
Ym" from the equilibrium condition Mc + My = 0. 

* 50 It is known that 

40 —_ ° d(M,+™M, 

’ ; 3 ¢ @ M, =a 
da a= 
Fig. 4. Dependencies of y y(Q) for different limits 
of measurement ?m-° where ay is the steady-state deflection of the moving 
part. 
On the basis if (1) and (3) we obtain: 

os 

| lpn dB B 
sone sate , d 2 : 

08 M,=k an COS(Yin +7) _— (Yio—-@) — 

06 It can be computed that 

a4 lw 

1 2 3 0 B=m (7) 


x 


Fig. 5. Dependence of the error caused by parasitic 
moments, on Q. where Iw is the ampere-turns of the series coil; m is 
the proportionality coefficient. 


For simplifying the discussion, let us put x; = const. Then: 





‘ l dx, . 
M.= | kmlw . a (Yio) 


? d aa, 
x3 





Since 





| Tm 
X,COS | Y;o—-@ } 
ee oe 


cos (yin) _ 
“cos (¥i0+®) 





xo= ° 

; Gm | 

cos {| Y;0-4 os} 
Am / 


then after a series of the simplest transformations we obtain finally: 


, U l sin 24 
M,=+| kmfw ae, a, te | 
Am X, COS (Yio—P) JA=ao 


Then on the basis of (6): 


MnXs cos (¥yo—@) 
kmlw sin 2y40 (8) 





Va 


An analysis of (8) allows one to draw the following conclusions: 
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1) the error ¢,, is decreased by an increase in the power used by the apparatus; 


2) the error ¢, is maximum at the end of the scale (at ¢ = gp), and does not depend on the limit of 
measurement ¢,, for a given X¢n)max' 


3) the error (Yn)max 18 decreased somewhat by a decrease of Q (see Fig. 5, where C =o ). 
Deviations from the calculated gaps x; and x,, which lead to errors, are unavoidable in preparation of a phase 
meter. The removal of these errors by individual calibration leads to a significant nonuniformity of the scale. The 


error caused by not observing the phase shifts in the circuits of the coils is also removed in calibration and 
explains the nonuniformity of the scale. 


Let us assume at first that the phase shift y;° in the circuit of the second coil takes place exactly, Then 


F(y,y: 9) = B,cos(y,9+9) — B,cos(y,o>—)=0; 
(¥i0=¥10= Vo.) 


Hence 


OF 
‘ dy ; + ae , - 0. 
oy, * oo (9) 


dF= 





We obtain from (9) after the simplest transformations that the error caused by the inaccuracy of the phase 
shift in the circuit of the first coil is 


__ dg l 
4¥i0 —,  t2(Vo-@) 
tg(Yi0t+ ®) 





B 


Hence, it follows that 8 = Bmax when ¢ = %max- Considering that sin(Vio—@m) _ | for ¥ 4 near 90°, 


Sin(y:0 + Pm) 
and for small ? max We obtain: 


Q 





Let us now assume that the phase shift in the circuit of the first coil takes place exactly, then by analogy 
we obtain that the error caused by the inaccuracy of phase shift in the circuit of the second coll is equal to: 





7 dp pa 1 
dyy 1480 F @) 
tg(V¥i0o—9) 


Hence it follows that » =» ——. 0.5 when ¢ =0. 


For ¢ = max We obtain: 


())— 7 wai Q+1 (11) 


The relations obtained make it possible to determine the nonuniformity of the scale caused by inaccurate 
observation of the phase shifts in the coil circuits. 
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Let us now examine the frequency error. For this we will consider that the necessary phase shifts in the 
parallel circuit are obtained in the following manner. 


A capacity is connected in series with the first coil and an inductance in series with the second coil 
in variation 1, Fig. 2. Variation 5, Fig. 2, is obtained from variation 1 by transposing the positions of the capacity 
and inductance and by a change in the direction of the current in the series coils. Hummel's circuit may be used 
for insuring the necessary precision of adjustment of the angles 749 and 180° ~7 ». 


The condition of balance for variation 1, Fig. 2, can be written in the following form: 
































U l U L 
Flo; o)=By ——————__ cos(arctg ocr t 982 ———- cos (arctg “——g) =0. 
rn ; y a VrP+@ly 4 
+ oC 
Then 
F 
dF=- dw + dg=—0. 
. 3 
oe -—> 
1 ™ wCr | 1 1 ; l )| 
socetemeeenne i . sos| arctg ——+ 
te ea |(n+ my ) eye sin ( arctg > ct? )+(r + =aC8 — cos{ 8G Q , 
dw on. 
Hg ae re ol 
R, G Ny 0202 sin( arctg or +@ + B,(r2 4 2/2) sin( arctg - —® 





rm r2-4.@2L2 Re oa i . : 
1 


2 
—e sin( arctg 
@? 


3 
—_— ’ L mais / wl 
B, ir +-w?2L2) 2 =. sin (arctg ae @) + w2L%(r2 + @2L2) 2 cos { arctg : -«)| 
r 














] 
cat wh 
B, (v2 + L@)+ Br? + w2L2) 2 sin( arctg - -9) 


oCr 


where r, L andC are respectively the resistance, inductance, and capacitance of the circuits of the coils. 


The expression obtained holds for any frequency. For a nominal frequency a» we obtain, taking into 





dol l 
account that wl = - and arctg —_ arctg ————-=y,9, that the frequency error is equal to: 
WoC r @,Cr 
dy 
E= ne sin 2 Yio (2—tg?Vr0tg?Q)- 
® 





Mn 


Hence it follows that the maximum frequency error (when ¢ = 0) is equal to: 
Emmax@ SiN 2, (12) 


that is, the frequency error decreases upon increase of Yo (or, which is the same thing, upon increase of Q). 


Curves of the dependence of Agw/p,, on Q for Aw /w = 0.02 are shown in Fig. 6, for different limits of 
measurement, where Agw is the error caused by frequency change Aw. 


It follows from the curves of Fig. 6 that even for Q > 2 frequency compensation of the apparatus is neces- 
sary. 
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The error has the opposite sign in variation 5, Fig. 2 (that 
APs is, for a capacitive nature of Z). 


% Let us examine the temperature error. 
140 

The change of resistance in the coils circuits is the most 
substantial effect when the temperature changes. Insofar as 


r << wL and r << 1/wC one can ignore the current changes in the 
coils. Then 


120 
100 


x 
” F(r; 9)=B,cos ( arctg ~+0)- 


x 
—B, cos(arctg i wie )-0, 


0 


60 









“a where rp is the resistance of the coil circuit at normal temper- 


ature 


20 ( x 
arctg ——= Vio 
To 








0 
/ 2 3 0 
Fig. 6. Dependencies of frequency error As before 
on Q for different ¢,. 
oF 
dF= d. ——do=0) 
_ wr _ 

hence 
de =—lik sin2p 
dr rat x? sin2@y 


Considering that r = tp (1 + a,©) (a, is the temperature coefficient of resistance, © is the increment of temper- 
ature) and 














2r. 
Sin2y,o=- sin yyoCOSYj0- —_ 
r24 x? 
we obtain that the temperature error is equal to 
4— re . 
a,sing (13) 
It follows from (13) that: 
dy . sing me sing Gide 

q r r y*"¢ (14) 


since for small ¢, sin g/g ™ 1. 


This means that the relative temperature error is identical at any point of the scale and does not depend on 
the limit of measurement. 
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The temperature error dy /y,,, deduced changed linearly, increasing from zero at y = 0 to a,@ 
at 9 = Yn. 


Let us examine the influence of distortion of the shape of the voltage curve. Let us assume that the voltage 
curve contains, besides the first, a third harmonic, such that Ugp)/Uyrp = 2. 


Then a sum of moments 


IM== B,lu,cosy,, | Bylu,cosy., + Byglu,,COsyi3+ 


+ Byglu,,COSY23=0, (18) 


will act on the moving part of the equilibrium position, where By, B, are inductions of the first harmonic; 1, I 
are first harmonic currents in the bobbins Bys, Bys, Luss" ugg ate the same things for the third harmonic. Evidently: 


By3=nB,; By=nB,; 
la,= Y, 
V o+(se) 


U, U, 


uy™ PF A EON =ly,= 
VAt@lp - 
nu, 


F 4 : 1 \3 
o + 30C ) 
nu, nu, 


lus, : = 


} . r34-(3wL) Sal 





~UwC: 











I 





le,,= 








For phase angles we obtain: 





(gy, 
VYu=Vi0 t+ P; va=arcte| ry . ) +30; 


V21 = 180°—(¥,o—@); Yoa= 180° —[arctg(3 tg y19)—3q)}. 


It is taken into account here that ¢ 3 = 39 (y and ¢g are the phase differences between the voltage and 
current of the first and third harmonics respectively). 


After the simplest transformations we obtain from (15): 


2 t 
cos (yio+9)+ — cos|arctg (“'*) +301 
By _ V ctg’yr9+0,11 3 16) 
B, 


n? 
cos (¥in—@)+ Zz coslarcta(stevro— 39] 











Bo fr @ 
B, Pm 
the error for phase meters with different limits of measurement. 





Using the curves of the dependence ) for different Q’s, (Fig. 7), and expression (16), we find 


Calculations from formula (16) show that the error is identical in practice at any points of the scale. Curves 
of the dependence of 4¢/¢m on Q for different limits of measurement are shown in Fig. 8 for g = 0 and n = 0.05. 
It follows from the curves of Fig. 8 that the error caused by the distortion of the shape of the voltage and induction 
curves is decreased by an increase in Q. 


As an example we will do a calculation of a phase meter for a narrow measuring range with the construction 
parameters: 
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Fig. 7. Characteristics of the gaps a(e ) 
B, \9m 
for different Q's. 
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Fig. 8. Dependences on Q of the error 
caused by distortion of the shape of the 
induction and voltage curves. 


(bmg. = 


(Bm)g.. <= —0.8; (Wp) 


It is necessary that 


(4¥o)e~ 2=—9 67 


(Avo)Q~ 2° 
(Sv0)e = 


(4v0)Q = 


=—0.667; (1p) 


1.2-10-4 


lw=300a; 1,0y4=20a; x,=0.4 cw; S=3.5 crm, 


The weight of the moving part of the apparatus is about 
7 gms. which corresponds to a frictional moment Mf ™ 0.5 
mg-cm. 


The electromagnetic moment Me, according to data 
in the literature, causes an error of about 0.2% which for a 
mean value M," = 0.1 gm-cm/rad. and a,,, = 90° corresponds 
to: 


M =(0.3 0,5) mg-cm. 


In this case, the sum of the parasitic mechanical 
moments acting on the moving part is equal to: 


M,=M + My=1 mg - cm. 


Doing the calculation for the values Q = 2 and Q = 4, 
we find from (8) that 


(Pn)max Q _g=10-4rad 20°; 
‘Pn)max Q: 4q=l .2-10-4rad = 24”. 


If the indication error is taken as equal to one division, 
that is, about 1%, then the measurement limit of the phase 
meter (under the condition that (%,,);nax 18 equal to the 
indication error) is equal to 


Tmax Q=2= 30"; ?max Q=4= 36" 
We find from (5): 
(Yiolg. 9= 88°30"; (Yolo. 4=89° 


We find from (10) and (11): 


=PmQ=2 _ 
=). 2. 
T= Pm Q=4 


10-* 
= —] .D- 10-4 rad; 


10-4 
—— —3-10-4 rad; 


0,333 


1.2.10-4 


=—1.5-10—-4 rad; 
0.8 


02 =6-10-4 rad,. 


so that the scale nonuniformity will not exceed only division. 


Observation of phase angles with such precision is difficult, therefore in practice the nonuniformity of the 


scale will be greater. 
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We find, from the curves of Fig. 6, the frequency error for a frequency change of 2%: 


A A 
( . | = 12%: (—2-) ==7%. 
Pm /Q-2 Gm /Q=4 


We obtain the maximum error A ¢/?m = 4.3% for a temperature change of 10% and “+ * 0.0043. 





From the curves of Fig. 8, we find the maximum error from the distortion of the shape of the voltage and 
induction curves: 





Aw Aq 
) ug.26;3 i a? % 
Pm /Q=2 Pm /Q=-4 


SUMMARY 


1. The errors from parasitic moments, from frequency change, and from distortion of the shape of the 
voltage and induction curves are determined by the degree of nonuniformity of the gap, which is characterized by 
the ratio Q of the maximum gap to the minimum, and which grows insignificantly with an increase of Q( ¢n)max: 
while the remaining two errors decrease. 


2. It follows from (8) that the error from the influence of parasitic moments does not depend on the limit of 
measurement for a givenQ. Therefore it is not expeditious to restrict the limits of measurement so that the 
indication errors will be made less than the errors caused by the influence of parasitic moments, thanks to the choice 
of a sufficiently narrow measurement limit. 


3. Since for Q> 2 its increase causes only an insignificant enhancement of the characteristics of the 
apparatus, and the realization of large Q's is associated with difficulties in construction, it is expeditious to select 
values of QO not more than 2-2.5. 


4. Temperature and frequency errors must be compensated for in the circuit of the apparatus. 


THREE-PHASE PORTABLE TEST APPARATUS 


M. A. Pinchuk and E. A. Kantov 


Portable apparatus for testing instruments near the place of their use are necessary in testing practice, as 
well as stationary apparatus which serve for the testing of electrical meters. The presence of such apparatus frees 
one from the necessity of carting a large number of stationary electrical meters into the laboratory during a test. 


One of this type of portable apparatus, built by the Vladimirski government control laboratory for measuring 
techniques, is described below. The testing of single and three-phase active and reactive energy meters of the 2.5 
and 4.0 classes is the basic function of the apparatus; however, it may be used for testing ammeters, voltmeters, and 
wattmeters of classes 1.5, 2.5, and 4.0. 


Testing of the energy meters is accomplished by use of a reference wattmeter of the 0.5 class, which is 
part of the apparatus, and a stop watch; testing of ammeters, voltmeters and wattmeters is by the method of 
comparison with reference instruments. 


The apparatus contains all the elements necessary for testing: reference and control meters, load and control 
apparatus for the voltage and current circuits, a phase regulator. Signals indicating the correctness of the con- 
nection of load apparatus and wattmeters is also provided. The control and load apparatus of the device permit 
one to obtain and realize smooth control of the voltage up to 450 v and current up to 50 amp. Powering of the 
apparatus is done from a three-phase alternating current line with a voltage of 220/380 v. 
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The apparatus consists of two portable interconnect- 
able units. 


Three-phase line voltage is fed by switch P, to volt- 
age circuit (Block 1) and current circuit (Block 2). Voltage 
from the phase regulator 3 is fed by switches Pp, Pg, Pg to 
Fig. 2. General appearance of the apparatus. auto-transformers Try, Try, Trg and metered through 

special PSVt selector-switches. 

The PSVt selector-switches insure the possibility of choosing six different circuits for connecting the reference 
wattmeters into the three-phase circuit. These circuits are depicted on a plate mouted near the selector-switches. 
One of the circuits permits one to accomplish testing of reactive meters with an artificial null point. The DS, 
resistance for creating the null point is connected by means of two push-buttons. Push-button switches Ps, Pg, Py serve 


for selecting this or that limit of measurement of voltmeters and wattmeters by connecting suitable supplementary 
resistances in parallel with these meters. 


Frequency control is realized with the aid of a frequency meter, connected according to the wish of the 
operator by the appropriate push-button. 


Voltage is fed by the closing of switches Pg, Pg, Py to the control-load apparatus for the current circuit 
(block 2) which consists of control auto-transformers Trg, Trs, Trg and step-down transformers Tr,, Trg, and Trg. 
Control of the current in this circuit is realized with the aid of an ammeter (in block 1) connected through 
measuring transformers Try, Tryy and Try. The series circuits of the reference wattmeters are connected through 
these same transformers. The lid of this block (4) is used as a plate for attaching the meters being tested and 
is designed for the connection of two three-phase or five single-phase electric meters. 


The apparatus insures the possibility of testing meters and indicating instruments in accordance with effective 
instructions, 
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RADIATION MEASUREMENTS 


DETERMINATION OF THE LOWEST ADMISSIBLE SOURCE 
ACTIVITY IN RADIOISOTOPE DETECTORS 


The activity of the source of radiation used in radioisotope measuring instruments is one of their important 
parameters. It is always desirable to keep the activity as low as possible. It is well-known that the lower limit of 
the activity is determined by the effect of fluctuations in the radioactive emission of the source on the indications 
of the instrument. In order to ensure that the effect of random fluctuations should not exceed the admissible value 
at low source activity, the time constant of the integrating element in the detector circuit is usually made as large 
as possible. However, in practice this time constant cannot be given an arbitrary value for the following reasons. 


An important property of the instruments under consideration is their ability to react rapidly to changes in 
the measured quantity. 


At the present time, the inertia of the various sections of the instrument, other than the integrating element 
of the radiation detector circuit, can be made so low that the inertia of the instrument as a whole will essentially 
depend on the inertia of the integrating element only. It follows that an increase in its time constant, designed to 
reduce the effect of fluctuations at low source activity, will unavoidably lead to an increase in the inertia and to a 
deterioration in the rapid response of the instrument. 


Thus two conflicting requirements must be borne in mind when one comes to choose the time constant of 
the integrating circuit in the radiation detector. On the one hand the time constant should be made large in order 
to be able to carry out measurements on low activity sources, and on the other, the time constant should be small 
in order to ensure that the instrument reacts rapidly to the radiation. It follows that a consideration of the working 
conditions of the integrating element during changes in the measured quantity, taking into account fluctuations in 
the radiation, may lead to a criterion for the time constant which would ensure that the requirements imposed on 
the instrument are satisfied at the lowest possible source activity. 


One of the most important parameters of radioisotope detectors is the sensitivity threshold, i.e., the smallest 
chanue inthe ineasured quantity which is detectable by the instrument. We shall therefore consider as given ,the 
sensitivity threshold for the measured quantity, the character and the rate of chanve in this quantity, and also the 
effect of Muctuations in the radiation. 


In order to solve the problem independently of any particular circuit it is unnecessary te consider the instru- 
ment as a whole. 


Firstly, the fluctuations can be (and usually are) conveniently suppressed in the integrating element of the 
detector so that they are sufficiently small in the remaining parts of the instrument. Secondly, the sensitivity 
threshold of elements which follows the detector can in practice be made so small that it will not limit the 
sensitivity of the instrument as a whole. In practice, the sensitivity threshold of the instrument is limited only 
by the effect of fluctuations in the integrating element of the detector. For this reason, we shall only consider 
the integrating element of the radiation detector circuit. 


When the radiation detector is an ionization chamber, the integrating element is formed by the load 
resistance in parallel with the capacitance between the collecting electrode and the common negative terminal. 
If, however, the detector is a Geiger-Miuller counter or a scintillation counter, then the integrating element is 
the output circuits of the ratemeter which usually follows a counter. Thus the equivalent circuit of the integrating 
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element can be represented by Fig. 1 independently of the type of detector employed. 


The current i which flows into the integrating element may be determined in the 
R C following way. If the detector is an ionization chamber, then each recorded particle (or 
quantum) of the radiation gives rise to a current pulse through the load. The average value 
of the current is given by 


Fig. 1. i = qn, (1) 


where q is the charge produced in the chamber by each recorded particle and n is the average rate at which the 
particles enter the chamber. 


The interval of time between successive particles entering the chamber is always much smaller than the 
interval of time during which the output voltage changes by an appreciable extent. This means that in the deter- 
mination of the output voltage of the circuit it may be considered that equation (1) gives the “instantaneous 
value” of the current i entering the integrating element. 


If the detector is a counter followed by a ratemeter circuit, then it can be easily shown that the average 
value of the current entering the integrating element is approximately given by 


i = ECn, (2) 


where E is the amplitude of the pulses entering the ratemeter and C, is its input capacitance. 


By analogy with the previous case, we may consider that equation (2) also gives the “instantaneous” value 
of the current i. 


When the quantity measured by the instrument changes, the radiation flux (average frequency at which the 
particle or quanta enter the detector) recorded by the counter or ionization chamber also changes, and consequently, 
a change takes place in the currenti and the output voltage u of the integrating element. 


The change in the output voltage may be determined by solving the differential equation 


fe a A (3) 
at’ t waa 


where 


T =RC, (4) 


When the current i is expressed in terms of the flux of the recorded radiation (the frequency n) which is 
functionally related to the measured quantity, then on solving (3) we obtain the change in the voltage u, due to 
the effect of changes in the measured quantity, as a function of time. Since the character and the rate of the 
change in the measured quantity v may be looked upon as given, it is easy to determine the time interval during 
which the measured quantity will change by m, which is equal to the given sensitivity threshold. It is then pos- 
sible to determine the change in the output voltage Au, corresponding to a change in the measured quantity by a 
sensitivity threshold as a function of the initial recorded radiation flux, the rate v, the sensitivity threshold m, 
and the time constant T 


In order to estimate the fluctuations we shall use the root mean square deviation ©. 


Following G. G lordan [1], let us compare the voltage Au,,, with oy, the absolute root mean square deviation 
of the output voltage u due to fluctuation in the radiation. 


It is known [2] that the absolute root mean square deviation of the output voltage of the ratemeter circuit 
is given by 


F C, nt 
Cen e=E— — 
rm C 2 
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Similarly, for an ionization chamber 


Neglecting the small change in the radiation flux due to a change in the measured quantity by a sensitivity 
threshold, we may consider that at the instant of the change in the output voltage of the circuit by Au, the 
root mean square deviations due to fluctuations in the radiation are given by 


bn foe 
ut) is 


tot me. 
ECV “2” (6) 


where np is the flux of the recorded radiation at the initial value of the measured quantity. 


It is convenient to use the inequality 

1 
AUm=P Tu (7) 
as a criterion for admissible fluctuations, where p determines the probability that the voltage fluctuation will not 
exceed the voltage Au,,. 


Since 0,, is a function of the recorded radiation flux and the time constant, it follows that by substituting 
expressions for Au,, and 0, into (7), one may obtain the connection between the required radiation flux, the given 
characteristics of the instrument, and the time constant of the integrating element. 


A solution of a number of specific problems showed that the radiation flux as a function of the time constant 
(for given instrument characteristics) has a minimum. 


Thus, there is a possibility of determining the value of the time constant of the integrating element for 
which the radiation flux from the radioactive source is the smallest possible for the given instrument character- 
istics. , 


In order to determine this optimum value of the time constant, equation (3) must be solved with the cur- 
rent i expressed as a function of the radiation flux from the source and the measured quantity. The connection 
between the current i and the flux of the recorded radiation is given by (1) and (2). 


The connection between the recorded radiation flux and the measured quantity may be established in the 
following way. 


Radioisotope detectors based on the absorption of radiation may be divided into two groups, depending on 
the functional dependence of the recorded radiation flux on the measured quantity. The first group consists of 
instruments in which the measured quantity together with the recorded radiation flux n are given by an exponential 
formula (for example, thickness gauges and density meters): 


n=n° e~%*, (8) 
where n’ is the recorded radiation flux in the absence of the absorber, ais the constant, and x is the measured 
quantity. 


The second group consists of instruments in which the measured quantity depends linearly on the recorded 
radiation flux (for example, level meters, within the limits of the detector window): 


N= No(1+/x), (9) 


where nm is the initial recorded radiation flux, 1 is a constant, and x is the change in the measured quantity. 
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The measured quantity x changes with time. The way in which it changes with time must be known in 
order to solve equation (3). 


Bearing in mind the fact that our discussion is concerned only with changes in the measured quantity within 
the limits of the sensitivity threshold, {.e., for sufficiently small x, it may be assumed that the measured quan- 
tity may be approximately represented by a linear law, namely, 


X=Xo+ Bt. (10) 


Thus, if the current i is expressed in terms of the radiation flux and the measured quantity, in accordance 
with equations (1), (2), (8) and (9), and taking into account the linear relationship expressed by equation (10), 
equation(3) may be solved. This solution may then be used to find the optimum value of the time constant of the 
integrating element and the lowest admissible source activity at which given characteristics of the instrument are 
achieved, 


A complete analysis of the processess which take place in the integrating element when the measured 
quantity changes within the limits of the sensitivity threshold, and also a determination of the optimum value of the 
time constant T and the lowest admissible radiation flux is given in [3] for a number of instruments. 


Below, we shall give the method used in this analysis and some of the results obtained in (3) for three special 
cases. 


1. The recorded radiation flux depends exponentially [i.e., according to equation (8)] on the measured 
quantity. 


Using (10) we have 
n=ne~*t, (11) 
where 


no=nre— 25%. (12) 


Let us assume that the detector is in the form of an ionization chamber. In this case the differential 
equation (3) has the form 


du l qno _ 
ata (13) 
The solution of this equation is 
r Ny t -— 
a ( e oBt _ aBce ) (14) 


The change in the voltage at t = ny/ B corresponding to a change in the measured quantity by the magnitude 
of the sensitivity threshold m, is given by 








om. o 
Bt 
q e~°" —_aBee 
Bm =P Mt (1 aepse) (15) 
Using the condition (7) it is easy to show that 
p? 
lho ™ : 
~~ ae e~*"_aBre ™ (16) 
|. aBr 
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A consideration of the function (16) shows that it has a minimum when 


m 


The minimum value of the initial radiation flux is given by 


3,1 p? B 
a? m 


Nomin= (18) 


Using this expression, it is easy to determine the required radiation flux from the source. 
2. The recorded radiation flux depends on the measured quantity according to equation (9). 


To be definite, let us consider a level meter. Suppose that, beginning at a certain time, the level begins to 
move with a constant velocity v until it reaches a position where it lies within the limits of the detector window; 
in this case the recorded radiation flux is given by [3] 


n=no(1+Pot), (19) 


where ny is the recorded radiation flux at zero time, and P is a constant characteristic of the instrument. On solv- 
ing the problem as above, it may be shown that the optimum value of the time constant {is given by 


m 
‘opt ied (20) 


and the minimum value of the initial radiation flux is given by 


3.1 p20 


Momin=— ps (21) 


It is then easy to determine the radiation flux from the source (see for example [2]). 
3. The radiation flux is modulated at a given frequency. 


It is well-known that in this case the instrument errors due to 
instability and changes in the characteristics of the detectors are much 
smaller. Two beams of radiation are alternately incident on a single 
fo detector. One of these beams passes through the object under investi- 

gation and the other through a standard absorber. If the two beams are 

equal in intensity, then a constant voltage appears at the output of the 

integrating device. When the measured quantity changes, the working 
l beam also changes while the beam passing through the standard speci- 
men remains constant. 








| 

ie 

eel dhe If, for example the measured quantity varies according to a linear, 
7 P 


é , law, while the beam intensity depends exponentially on the measured 
Fig. 2. quantity, then the change in the current i supplying the circuit shown in 


Fig. 1 is of the form shown in Fig. 2. 


In this figure iy is the initial value of the current when the two beam Intensities are equal, and T is the 
modulation period. 


Since we are only concerned with the initial part of the curve showing the change in the measured quantity 
(within the limits of the sensitivity threshold), the exponentisl (cf. Fig. 2) may be replaced by a straight line. As 
a result of the above changes ini, an alternating component having a frequency f = 1/t appears at the output 
of the integrating element. Subsequent parts of the instrument react only to the first harmonic of the alternating 
voltage of frequency f. 
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In order to determine the alternating output voltage, equation (3) may be solved separately for each period 
of modulation, subject to the boundary conditions. The final voltage is expressed in the form of a series. 


When this series is summed with the aid of Fourler analysis, one finds the change in the amplitude of the 
first harmonic corresponding to a change in the measured quantity by the magnitude of the sensitivity threshold 
m. Next, using a method analogous to that described above, the initial recorded radiation flux is expressed as 
a function of the given sensitivity threshold m, the rate of change B is the measured quantity, the modulation 
frequency f , and the time constant T, for the given admissible effect of fluctuations: 














prr2 
No> ’ 
M\2 N 2 
+ B<((-2) aires) (22) 
where 
et 
ai ® “)ia :) 
a 2 (+0222) \B : (23) 
Qn 
(<8) 2) 
w272\ |] — w? 73 wt < 24 
v-(2_) 1+ : = - = (1-e ie (24) 


and w = 2" f (the remaining symbols have the same meanings as before). 


A consideration of the function given by (22) shows that it has a minimum at a certain optimum value of the 
time constant. For example, when the modulation frequency is 60 cps and the measured quantity changes slowly 
compared with the modulation frequency the optimum value of the time constant is T opt = 0.01 sec and the 
lowest possible initial radiation flux is given by 


It is then easy to determine the lowest possible radiation flux of the source. 


It is thus possible to determine the instrument parameters for which a given set of characteristics is obtained 
and at the same time the greatest safety is achieved for the instrument operator. 


B. I. Verkhovskii has given a number of valuable suggestions in connection with the present work. 
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ACOUSTIC MEASUREMENTS 


A NEW NATIONAL STANDARD FOR ACOUSTIC UNITS 


I. G. Rusakov 


A new national standard (GOST 8849-58) for acoustic units developed and put forward for approval by the 
All-Union Scientific Research Institute of Metrology (VNIIM) came into force on January 1, 1959. With the intro- 
duction of the new national] standard the old standard (GOST VKS 7242) which was in force since August 1934 
became void. The review of the standard for acoustic units was carried out in order to bring them into line with 
those used in other fields and also with international recommendations. The old standard contained mainly units 
based on the CGS system, but also other units not belonging to any system, for example, watts per square centi- 
meter. In addition, it included units of purely mechanical quantities such as elasticity, rigidity, and mechanical 
impedance, 


The new national standard for acoustic units is designed to separate the MKS and CGS system of units from 
each other and also from other units not belonging to any system. 


The MKS units which are given by Table 1 of the new national standard are given first place. The MKS 
system of units is thus given preference to the CGS system. A general transisition in acoustic measurements to 
the MKS system would correspond to the general tendency both here and abroad towards the elimination of the 
multiplicity of system of units in this field. 


At the same time it was agreed that the CGS system of units cannot be eliminated altogether because it is 
still very widely used. For this reason the CGS units were included in Table 2 of the national standard which 
strictly corresponds to the number and choice of units in Table 1. 


Table 3 includes three units which do not belong to the two systems, namely, the decibel (level of sound 
pressure), the phon (level of loudness) and the octave (frequency interval). 


One of the characteristics of the new national standard is the rejection of involved definitions for the basic 
acoustic units in Tables 1 and 2 of the standard. Instead of these definitions the tables include indications of the 
dimensions of the units which are expressed in terms of simpler or more basic units of a given system, for example, 
the dimensions of the unit of sound pressure in the MKS system are given as (1 newton):(1 m?). This arrangement 
is accepted in contemporary international standards and ensures the possibility of adjustment of the standard which 
in the discussion of rigorous definitions of units is often practically impossible. 


Another characteristic of the new national standard is the absence of proper name designations (after famous 
scientists in a given field). This feature is perhaps a defect, although in acoustic experimentation such proper 
name units have not appeared and it would be difficult to introduce them now. Thus all the main acoustic units 
in Tables 1 and 2 of the national standard are named in accordance with their dimensions and are given Russian 
and Latin abbreviations. 


The main difficulty in the introduction of a new national standard in practice will be the fact that the standard 
does not include the usual unit of sound pressure namely the bar. Instead the standard recommends the newton per 
square meter in the MKS system, and the dyne per square centimeter in the CGS system. This transition is how- 
ever necessary since the preservation of the bar would mean a duality in the system of units because the bar is 
already used to measure pressures and is equal to 10°d/sq. cm. In the choice of the main quantities, whose units 
should be included in the new national standard, it was decided to include only units of the most widely used 
quantities. An attempt to include all the possible acoustic units would lead to a very long standard, which would 
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be particularly inconvenient since it is necessary to include both the MKS and the CGS systems. Altogether, 
Tables 1 and 2 of the new standard include six quantities and units each, namely, sound pressure, volume velo- 
city, acoustic impedance, mechanical impedance, sound intensity, and sound energy density. Unfortunately, 
the dimensions of some of these quantities are expressed in a complicated way which leads to complicated de- 
signations of the units for example "d sec/cm®,” for the unit of acoustic impedance. At the same time, the 

old name for this unit in the CGS system, namely, the “acoustical ohm” as well as the name “mechanical ohm," 
was agreed to be unfortunate since the relation of these units to the electrical ohm is based only on a superficial 
analogy. For this reason, the new national standard gives only reference information in the form of footnotes 
such as "sometimes known as acoustical (mechanical) ohm." Table 2 of the standard gives relations between 


the units in the CGS system and the MKS systems, and this once more emphasises the subordinate role of the CGS 
units, 


Table 3 of the national standard gives definitions of units outside the two systems, which cannot pretend to 
be logically complete and their aim is to give basic specifications of the dimensions of these units. 


Loudness and its unit the sone are not included in the new national standard since at the present time there 
is no acknowledged method for the determination of the dimensions of this unit which would apply to all cases, 
and particularly, to the case of complex and nonstationary noise. 


In the complication of the new national standard, the recommendations of the international organization for 
the standardization (ISO/TK 12) of acoustical quantities and units were taken into account. These recommendations 
could not be accepted in their entirety since they are unnecessarily complete and universal. 


INCREASING THE SENSITIVITY OF THE RAYLEIGH DISC 


A. D. Brodskii and V. L. Kan 


It is well-known that the Rayleigh disc can be used to measure particle and air velocities. The sensitivity 
of the Rayleigh disc is limited by its constructional properties and the method of suspension. 


It is often necessary to increase the sensitivity of the Rayleigh disc without any alteration in its construction. 
This may be achieved by using the resonance properties of the system as has been done by Hayashi [1] who 
measured the particle velocity in water. However, the latter paper does not give a theoretical estimate of the 
possible increase in the sensitivity, nor does it consider the suitability of the resonance method for measuring 
alternating air velocities. 


The aim of the present paper is to analyze the possible improvements in the sensitivity of the Rayleigh disc 
system, when it is used to measure small fluctuating velocities. The Rayleigh disc takes the form of a variety of 
torsion balances. The equation of motion of a Rayleigh disc is 


Jog +C.o+ Co = M, (1) 


where J is the moment of inertia of the disc and the suspension wire, C is the elastic constant of the wire, Cy 
represents damping, and M the moment of external forces. 


It is well-known [2] that for a Rayleigh disc placed in a stream of fluid, the latter moment is given by 


4 
Mane a3y? sin 20, (2) 


where p is the density medium, u is the stream velocity, a is the radius of the disc, and © is the angle between 
the normal to the disc and the direction of the velocity. 
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Usually, the disc is placed at an angle © = 1/4 so that sin 20 = 1, Substituting the above expression for M 
into (1) and dividing by J we obtain 


9 + 20q + 05 p=hu?, 


(3) 
where 
QJ ’ v0 — J r = ——" 


We shall use equation (3) to study the motion of the disc. Only forced oscillations will be considered. 
When the velocity is constant (u = uy say) the deflection angle will be given by 


2 


=> 











® 0 
_ r 
o% (4) 
If the velocity of the stream varies sinusoidally, i.e., 
(5) 
u=U sing t, 
where w >> wp, then 
es : 2 9 ku? 
9+ 2p +05 =u) sin?wt = ——| 1—cos of 
2 
A special solution of this equation corresponding to forced vibrations is 
ku 
bu? — cos (2wt+f) 
o=—— + 
202 V (4@2 — @3)? + 160262 (6) 


Since 4u* >> uf it follows that the denominator of the second term is much greater than uk, i.e., the second term 
is much smaller than the first, and the corresponding vibration of the disc is practically unnoticeable. 


A comparison of equations (4) and (6) shows that the sensitivity of the disc to a constant velocity stream is 
approximately the same as its sensitivity to an alternating velocity stream, provided the frequency of the latter 
is much greater than the natural vibration frequency of the system. 


The situation is different if the frequency of the oscillation in the stream is close to the natural frequency 
of the system. In this case, the sensitivity of the disc increases rapidly due to resonance. In order to take 
advantage of the resonance phenomenon in the measurement of high frequency alternating streams, it is advisable 
to use low frequency amplitude modulation. This is more convenient than the pulse modulation put forward by 
Hayashi [1]. It is well-known [3] that in the case of amplitude modulation the spectrum has only two side 
frequencies which are not very different from the fundamental (for low frequency modulation). In order to deter- 
mine the increase in the sensitivity of the disc in the case of amplitude modulation let us use equation (3) again. 
In an amplitude modulated stream 


u = up sinwt (1+ mcosQ?), 
where m is the modulation factor and Q is the modulation frequency. 
Substituting (7) into (3) we have 


ku (1—cos 2oft 2 2 
9 +259 +29 waneee Gree (14 — + 2mcosMt + = cos 2Q¢ (8) 
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As in equation (6), the terms containing the high frequency in equation (8) have practically no effect on 
the solution of the equation. Equation (8) may therefore be replaced by the simpler equation, 


i = 2 2 2 
9 + 2d +02 - [1+ FF +2mcona ob “yc0s2at | 


The solution of this equation is 


kup , m2 mkua ” 
202 +9 ‘7 ( 222)? 4 40289 
9 
mia? (9) 


cos(2Qt+ ») 
4y/ (402—w3)? + 160262 ; ; 











X cos (Q¢+8,)+ 


If one assumes that the damping is small, i.e., w)>> 5, then at resonance (W,) = Q) the second term in (9) 
is thé>most important, and 


mk 
0 
Po™ —_—_—__-8in Q¢. 
2 wd (10) 


The ratio of amplitudes in equations (10) and (6) gives 


(Po) 10) = Mo 
(Poe, | (11) 





It follows that the sensitivity increases by a factor of approximately 2inQ where Q = w,/26 is the merit 
factor of the system. 


The merit factor of the system may be expressed in terms of the decrement of free vibrations which is 
found experimentally from the formula Q = #/@. We thus have 


(Po)t10) _ 2mn 
Cn (12) 





This result may be used to obtain the absolute value of the sensitivity of the disc at resonance. 


Let us consider a numerical example. Suppose m = 1 and © = 0.07 (this corresponds to a reduction in the 
amplitude of free vibrations by a factor of 2 after 10 complete vibrations), Substituting in (12) we have 


2mn 2-1-3.14 
e@  —0.07 





=~ 90, 


This increase in the sensitivity is not always possible in practice since it is inconvenient to observe large 
period vibrations of the disc. However, this example indicates that it is possible to obtain a considerably improved 
sensitivity using the method described above. The use of amplitude modulation leads to a considerable increase in 
the sensitivity of the Rayleigh disc when it is used to measure particle velocities, and this may be employed in 
sound chambers using less delicate suspension methods. The effect of interference such as convection currents 
may be minimized in this way. The amplitude modulation method may find other applications, in particular, 
in the measurement of small alternating pressures using a torsion balance. 
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MEASUREMENTS OF GAS OR LIQUID FLOW 


ON THE MEASUREMENT OF THE DISCHARGE OF VISCOUS MEDIA® 


A. L. Vainshtein 


The measurement of the discharge of gases, vapors and liquids with the aid of the usual orifices, nozzles, 
and Venturi nozzles working in conjunction with manometers is being widely carried out in all branches of industry. 
However, the application of this method to discharge measurement is limited to the velocity region in which the 
discharge coefficient remains constant (Reynolds number should lie below the limiting value R,). 


This means that it is practically impossible to measure, with the aid of the usual devices, the discharge of 
such viscous media as oil and oil products, and occasionally even water and water vapor. The use of special 
constricting devices in such cases is largely impossible since they are not very well-known and can only be used 
as indicators. 


The Manual 27-54, which deals with the use of, and tests on,discharge meters with normal orifices, nozzles, 
and Venturi tubes, gives values of the correction coefficient k, which takes into account the effect of the viscosity of 
the medium on the discharge coefficient for the usual constricting devices when Re < Re,. The correction factor ky 
depends on Re and the quantity m which is the ratio of the area of cross section of the orifice to that of the pipe. 


Figures 1 and 2 show the dependence of ky on Re and m taken from the Manual 27-54. 
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Fig. 1. Fig. 2. 


The introduction of corrections for the effect of viscosity is only possible in the case of indicating instru- 
ments. For this reason these corrections are ignored in practice, and this leads to considerable errors which can 
reach, for example , 6% for an orifice with Re = 10,000 and m = 0.5. 


An analysis of the corrections shows that their absolute magnitude is practically independent of Re and con- 
sequently the magnitude of the discharge. In fact 


4=(x,—1) Q (1) 
and 
Q=27¢ . (2) 


*A matter for discussion. 
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where A is the absolute magnitude of the correction for viscosity in m?/hr, ky is a correction factor given by the 
Manual 27-54, Q is the discharge in m*/hr, D is the diameter of the pipe in mm, y is the density of the medium 
flowing through the pipe in kg/m’, and y is the dynamic viscosity of the medium in kg: sec/m’. 


Equations (1) and (2) give 


Dp 
4=27,8 —1)Re. 
_— K,—1)Re (3) 


Thus the absolute magnitude of the correction A is proportional to the product 
M = (ky —1)Re. 


Figure 3 shows a graph of ky as a function of 1/Re(the crosses indicate values obtained from the Manual 


mentioned above). It is clear from Fig. 3 that the quantity (k, —1)Re may be looked upon with sufficient accuracy 
as a function of m only, and for m = const. 


M = (ky —1)Re = const. 


It follows that for given diameters of the pipe and the orifice, and for a given medium, i.e., when m, D 
and w are constant, it may be assumed that the absolute value of the correction A is constant and independent of 
the discharge Q. As an example, Fig. 4 shows the dependence of M = (ky —1)Re on Re for m = 0.2. The assumed 
value M = 170 is independent of Re and is represented by the horizontal line. The curve in Fig. 4 was obtained 
using corrections given in the Manual 27-54, 
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The dashed curve represents the proposed part of 
the graph in the region of low and large Re for which 
Fig. 3. the Manual 27-54 does not give the corrections. 


The shaded area corresponds to deviations of +0.3% from the running value of the discharge. As can be 
seen, the deviation of the values of the corrections recommended by the above Manual from the line M = 170 lie 
safely within this area. 


Using the above results one can recommend the introduction of viscosity corrections in the form of a constant 
factor for a given discharge meter. 


The magnitude of the correction A in m*/hr is independent of the discharge (within the limits of the working 
part of the scale) and is calculated from the formula® 


Dp 
4 = 27.8 





” (4) 


* For measuring discharge in kgf/hr and in Nm?/hr, we have correspondingly, A = 27.8 Ay -Mkg/hr, A= 


= 27.8 2H M- Nm/hr, 
YN 
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TABLE 1 TABLE 2 
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TABLE 3 
Re 
Reynolds Number 
m 1000 
5 | 6 | 8 | 10 20 30 | 60 100 
“ia, from Fig. 5 1. 1. 1.0038 1.0030 
0.0 | *, from Pig. 1 1.0070} 1.0064) 1.0038 1 0020 
Deviation % -0.1 |—0,04 0 +0.1 
yy, from Fig. 5 1.01 | 1.0084) 1.0063 1 0050 1.0025 
0,10 | *, from Fig. 1 1.0110) 1.0090} 1.0070 1.0040 1.0020 
Deviation % 0.1 —0.06 —0,07 +0.1 +0.05 
“1, from Fig. 5 1.0340} 1.0283} 1.0213 1,0170 1.0085 1.0057 1.0034 
0.20 | *, from Fig. 1 1,0330| 1.0262} 1.0214 1.0175 1.0100 1.0060 1,0018 
Deviation % 40.1 |40.21 | —0.01 — 0.05. —0.15 —0.03 +0,16 
Bs ay from Fig. 5 1.0387 1.0310 1.0155 1.0103 1,0062 1.0031 
0.30 | “; from Fig. 1 1.0369 1.0311 1.0180 1.0120 1.0044 1.0006 
&,,, from Fig. 5 1.0470 1.0235 1.0187 1.0094 1.0047 
0.40 | *, from Fig. 1 1.0444 1.0260 1.0180 1.0088 
Deviation %p +0,31 —0.25 —0.23 +0.06 +0.3 
“,. from Fig. 5 1.0920 1.0310 1 0266 1.0124 0 
0.60 | *"; from Fig. 1 1.0590 1.0342 1.0240 1.0126 1. 
Deviation % +0.35 —0.32 +0.26 —0.02 +0.1 
*,,, from Fig. 5 1.0460 1,078 1.0184 
0.0 | “ from Fig. 1 1.0454 .1,0320 1.0200 1.0086 
Deviation % +0.06 —0,14 —0.16 +0.06 
Ki from Fig. 5 1.07 1.047 1.028 1.0140 
0.70 | ": from Fig. 1 1.0646 1.0479 1.0316 1.0162 
Deviation % +0 54 0 —0,% —0.2 
































The quantity M is determined (as a function of m) from the graph given in Fig. 5 or from Table 1. 


Equation (4) holds not only for orifices but also for nozzles; the values of M for nozzles are given in Fig. 6 
and Table 2. 


Since the correction A is constant and independent of the discharge it follows that for a given discharge 
meter, the ratio of this correction to the upper limit of the scale reading of the instrument Q, may is also 
constant: 


4 


8 - 100% = const, 


~ Qs max (5) 


17 

























































































mu? we 
28+ a9 400 
| 002 
24+ Q12+ 
007} 
{ 200 
20+ 210 
. 16+ 208 
2 e 
oO - 
wy 12} 06 
ae | ' 
al aos -200 
9} 002+ 
-400 
0 0 
Fig. 5. Fig. 6. 
TABLE 4 
Reynolds Number 
m 
‘ 2u900 30000 50000 70000 100000 
«, from Fig. 2 0,9311 0,9895 0.9961 0.9990 1,0000 
0,20 ty, « Fig.d 0,985! 0,9908 0.9940 0, 9959 0.9970 
Deviation % +0,40 +0,13 —0,2! ~0,31 —0,30 
«, from Fig. 2 0.9788 09866 0,9940 0.9975 0, 9986 
0,25 a, o Pig. & 0,9808 0,9872 0,9923 0,9945 0, 9962 
Deviation % +0,2 +0,06 —0,17 —0,30 0,24 
x, from Fig. 2 0,97t0 0, 9848 0,9924 0,9967 0, 9980 
0.30 « « Fig. 5 0.9787 0.9858 0,9915 0,9939 0,9958 
Deviation % + 0,07 +0,10 ~0,09 —0,28 ~0,2 
«, from Fig. 2 0,9780 0.9845 0.9919 0, 9963 0.9976 
0.35 win ° Fig. 5 0,9787 0.9858 0,991 0.9939 0,9958 
Deviation % +0,07 +0,13 0,04 0,24 } 0,18 
x, from Fig. 2 0, 9800 0,9859 09,9924 0,9963 ,9979 
0,40 Kin Fig. 5 0, 9808 0,9872 0,9923 0.9945 0.9962 
Deviation % +0,08 +0,13 -0,01 —0,18 —0,17 
«, from Fig. 2 0.9842 0, 9887 0.9940 0,9968 0.9980 
0,45 _—_ Fig. 5 0,985! 0,9908 0.9940 0,9959 0.9970 
Deviation % +0,09 +0,21 0,00 -0,09 0,10 
«, from Fig. 2 9, 9908 0,996 0,9962 0,977 09984 
0,50 «,, » Fig. 5 0,9915 0.9943 09966 0,9972 0,9983 
Deviation % +0,07 +0,07 +0,04 —0,05 0,05 
x, from Fig. 2 1,0000 1,0000 1,0000 1,0000 1.0000 
0,55 Buy ° Fig. 5 1,0000 1,0000 1,0000 1,0000 1,0000 
Deviation % 0,00 0,00 0,00 0,00 0,00 
Ky from Fig. 2 1,090 1,063 10036 1,0020 1,0006 
0,6) Kies * Fig. 5 1,0105 1,007) 1,0042 1,0030 1,0021 
Deviation % +0,16 + 0,08 +0,06 +0, 10 +0,15 
Ks from Fig. 2 1,0195 1,0145 1,0068 1,0052 1,0021 
0,65 Kigy * Fig. 5 1,0234 1,0156 1,0093 1,0067 1,0047 
Deviation % +0,39 +0,11 +0,06 +0,15 +0,26 
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where 6 is the correction (in %) to the upper limit of scale readings. 


The quantity 5 determined, using (4) and (5), for Q, may With Re = Re, depends on m and does not exceed 
0.3% for m = 0.5; for m = 0.7 the correction 6 reaches 0.55%, According to the Manual 27-54, at Re = Re, the 
correction 6 is not taken into account, but since it is constant it should then be ignored in other ranges also. It 


follows that if for a flow Qs max the inequality Re = Re, holds, then the correction for viscosity need not be intro- 
duced. 


This is in conflict with accepted practice in which corrections are normally thought to be necessary for 
that part of the scale for which Re < Re,. This is based on the fact that as Re decreases, the relative magnitude 
of the correction (to the running discharge) increases; this however, does not take into account the fact that the 
discharge itself is reduced in the same ratio, and the magnitude of the correction to the upper limit of the read- 
ings remains unaltered. 


At the same time, errors of measurement in the discharge which are due to other factors increase rather 
rapidly, which indicates that we can neglect the correction 5 which is small in comparison with these errors. 


Tables 3 and 4 give the actual values of the factor ky and its average values ky gy determined using the 
assumed values of M: 





May=1+ Re 


It is clear from Tables 3 and 4 that the averaging process leads to additional errors not greater than 0.3% 
of the running value of the discharge. 


On the basis of the above, it would be useful to revise the Manual 27-54 and recommend the following 
method for introducing the correction for viscosity. 


1) Determine the Reynolds number Re for Q, max? 
2) if the obtained value of Re is greater than Re,, corrections for viscosity are unnecessary; 
3) if the obtained value of Re is smaller than Re,,, the correction 4 should be determined; 


4) depending on the magnitude of 6 = (4/Q, »,4x) X 100 and the required accuracy in the measurement 
of the discharge a decision should be made as to whether the correction is necessary; 


5) if the correction is necessary, it should be added to every indication of the discharge meter. 


6) the quantity Ay = At should be added to the indications of the integrator counter, where t is the time 
(in hours) during which the instrument was working. 


Instead of introducing the corrections it is easy to carry out a calibration of the instrument ensuring that it 
will give correct indications, and this calibration should be carried out not for the calculated points but points 
which differ from them by the quantity A, 


In the case of instruments with linear scales this may be carried out by simply displacing the pointer rela- 
tive to its axis and the scale by A. 


Of course, the region in which the viscosity corrections can be used is limited by the minimum Reynolds 
numbers Rerjn for which ky are known. For convenience, the values of Re;jjp and Re, are given in Table 5. 


It is very important to bear in mind that in the use of normal orifices for measuring slow discharges, or the 
discharge of viscous media, small values of m are preferable since the value of Re, and the errors introduced by 
averaging are then much smaller than for large m. 


In the use of normal nozzles and Venturi nozzles it is useful to choose m = 0.55. In this case the effect of 
viscosity may be neglected, since viscosity will not lead to a change in the discharge coefficient (cf. Fig. 2). 


Let us consider an example which will illustrate the above methods. The following quantities are given: 
specific gravity y = 1001 kg /in®, kinematic viscosity y = 120 x 107° kg - sec- m~* constricting device-normal 
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orifice, diameter of pipe line D = 50 mm, m = 0.17, upper limit of the instrument scale Q,max = 2 m*- hr}, 


Calculation: Reynolds number Re = 0.036 Q, max y/Du = 0.036x 2 x 1001460 x 120 x 1074 = 12,000. 


Limiting Reynolds number from Fig. 5, 
Re, = 48,500. 
Magnitude of M obtained from Fig. 5: 
M = 130. 


Absolute value of the correction obtained from (2) 


-6 
A=27.8-130 a =0.022 m®/hr. 
0ul 


It follows that all the indications of the instrument (within the limits of the working part of the scale) should 
be increased by 0.022 m* hr7?, 


After each hour, the integrater readings should be increased by 0.022 m*. 


If the instrument has a uniform scale then instead of adding the correction to each of its readings it is pos- 
sible to displace the pointer mechanically (after calibration) towards the “plus” side by a distance given by (in 
percent of the scale length) 


1004 100-0 .022 
Sm = =1.1%. 


Qs max 





The errors involved in the measurement of discharge with the aid of the method recommended in the present 
paper, practically do not exceed errors determined according to the Manual 27-54 for pointer and self-recording 
instruments, since the additional error in the correction factor k; is very small compared with all the other errors. 
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INFORMATION 


ON THE ABSOLUTE DETERMINATIONS OF THE ACCELERATION 
OF GRAVITY 


K. N. Egorov 


The collection of minutes and resolutions of the eleventh General Meeting of the International Geodetic 
and Geophysical Union which took place in Toronto on September 3-14, 1957 was published in Paris in 1958. 
The resolutions were published in Russian, French and English. Among other things, the General Meeting discus- 


sed completed absolute determinations of the acceleration of gravity (g) and absolute determinations which are 
still being carried out. 


Among completed determinations were only those reported by the All-Union Scientific Research Institute 
of Metrology (VNIIM). 


On the basis of a discussion of early work in the U.S.A. (1936), England (1938), the new data from the USSR 
(1956), and also preliminary results of absolute determinations of the acceleration of gravity obtained in other 
countries, the eleventh General Meeting of the International Geodetic and Geophysical Union accepted the follow- 
ing resolution in connection with the order of magnitude of the correction to the Potsdam system of values of g: 





Resolution No. 6. “The International Geodetic and Geophysical Union, bearing in mind that it is often neces- 
sary in the different branches of physics to know the best way of introducing a correction to the Potsdam system, 
and that the final corrections have not as yet been worked out, recommends that in the present state of knowledge, 
it may be considered that the correction lies between 10 and 12 milligal according to experimental data and 
information obtained as a result of correlation between the various stations for absolute measurements.” 


In addition to this resolution, the following recommendations were accepted in connection with further work 
on the absolute measurements of the acceleration of gravity: 


Resolution No. 29. "The International Geodetic Association, noting the number of absolute measurements of 
the acceleration of gravity which have already been carried out, and those being carried out in the various countries 
at the present time, and also the importance of accurate comparison between these measurements recommends that 





a) the final results and all the necessary details should be published as soon as possible so that the accuracy 
of these determinations can be estimated; 


b) in order to ensure the greatest accuracy in establishing the correlation between different points at which 
absolute measurements are carried out, the position of these points should be given to within 1 cm along the 
vertical and a few cm along the horizontal; 


c) auxilliary points chosen for relative measurements should be correlated with the main point of absolute 
measurement with the aid of highest accuracy gravimeters; 


d) in future, the internal correlation between the stations for absolute measurements should not in each 
separate case be subject to an uncertainty exceeding 0.5 milligal.” 


Resolution No. 30. "The International Geodetic Association notes the great scientific importance of the 
absolute determinations of the acceleration of gravity which have already been carried out at VNIIM (Leningrad, 
USSR) and the possible improvement in some of the measurements, recommends that VNIIM should carry out new 
work on absolute determinations of the acceleration of gravity by the falling rod method (Martsinyak) in order to 
obtain an accuracy comparable with that obtained by the pendulum method.” 
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In accordance with these recommendations, the VNIIM research program for 1958-1959 includes the 
topic “Increasing the accuracy and reliability of absolute determinations of g by the falling rod method in 
vacuo." 


Work on the absolute measurements of the acceleration of gravity which was carried out at VNIIM was 
published in a number of papers in Izmeritel'naya Tekhnika No. 5 and No. 6 (1956) and in the collection of 
papers Trudy VNIIM No. 32 (92) (1958). 
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